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Robotics 1. rflcvLD, $rf, GurrasriL <oTfB^[T<osrLxujLx! 


^rrGsbuj rddluEujGV (Robotics) gjgstjxgti i_(3gst [bix LXGzrd&GmGmflGV Q^rrGSTf^Gu^j 6 J[B§)rr LXGsbo^Gsr g^rrctr. 

Qi_rhJ)G6STL^i_rf, Grui_rrrr Gurrrrov ui_d>&)d) Gupp C3P0 ixpruix R2D2, GurrGV-E, [r^G^fl^rrtB^lGir GitB^l^Gir 

LXff)fQ]IX QfJfTGfS] (oTrB&flpLJ UGSsfl EjQ UGMT (SufTGSTfD &>l(51S)[rLJUL- fr]&G1?lGV GUfF><3) &jf)UGS)GST ^(GTFfGS) LX&GTT [5&> 

(57[ 36)2 LXGsf]<3)GS?] GST &>GU fjdd) GS) LU GUGuj^^J G)51 lEi_GST. 

&>G)S1 rrGij ld LXGsfl&> ^(ud(^GSTfiGsrpl < 5 / 7 w / t < 95 < 3 < si / ^lu rd(^m (automatic) GrrB§)rrrd&,GfT lurrGujf) gxjxililx &>rrG$fhu rdd 
GJGSTjryojrrGST Q&rrGV§>)(3ir)rrLX. ^d&rrpGmG 5 &>lG$rrrGV Robotics ^jgxjxgxuj^ ^lSIl^Igv GTfB^I ijGsfi lligv gtgstitu 
Qs z rrGVGu(3&) l61&lj Qurr(r^^ixrr<^ £g)0<$@/A 



LD®sfl&> (o7rB^tr<dr 

Gid © fjGG)id(3jd (S^gdgx uj ggst ix&rd&Grr (^gxgx. (a^LpopGsr rdGnGVGmud &,Gmi_ir^uj £_ Gmrrl& Grr(sensors), 

(CfyLpG&GST T§lGS)GVGS)UJ LX GfDjLJj GU^fD^GGST ^LudSl^GfT (actuators) LDJ])[igjLX) (GfyLpGV&GrfiGST t£IgS)GVG 1S)UJ 2_Gmrrl&GTriGST 
(xpGVLx &uS)d(5in((5]jUjrr&Lj Qupjru (^ujddl&GrrlGST Q&ujGVixpGnjx&GXGnd ^l1(^)lju(^^^jlx ^l2(^)u urriEQ) 
^GS)ixui_i (controller). 

(^mu iSIgxilx GLxiD&Gmi— tStlLx&rd&Grr 2 _GnGn gtgvgvg^ prrGsfliurhi&il&GinGrTiLiLx gttb^Ijgst gjgstitjj Q&rT<sb<sS)<S)SU— 

(LpLpiu tt§j. <5T(j)id)&iid<!7 >ulLl _/ t <9> ugv &>rrGsfhu rdd ul^&gtt (Escalators) iurrprrGU§j <s*l(iTjS>)GV GXTB^rrGV^rrGsr QL—d) 

&}]GiJrd(GF,LX. GjdOiLiGiJrf&Grr inrr gx(IT)lx ^j])rd^lG)5lLEi_rrGV [§1 gsti])jg)E(^lx. (°()GiJjf)jr)jd&rrGST 2_Gmr(&GrT ^_Gm(^). 
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^ 6 mffl&®fl 6 )Sl(njr 5 &i] &LSl(GpG$)<9 : SlGS)i_fpGm_GST &>u(p)u u rru(p) ^gdldu l/ GflGVi^a.GViGnd, pjGud&GL/Lb 
flpjfpGrfLD Q&iuS>lppj. pGS)i_(LpGS)pufGV, gugs) & &rrpG$rr£]&G$)GrT lPgstgst gm)i KL-Quuml® Gip^lrrm 

(Mechatronic device) GTGsrpj ldlIQGld a^pGvrrLD. ^gstttgv ffGupGvp GrpfflUjGST GTGsrpj &^p (LfiLj.iurrpj. 

GjG) GSTGftfl GV ^GUppjd^f pGSTGsfhud&,(LpLD (autonomy) pGS)L _ &G5)Gtrd &LDtTGll?ld(cpLb GULfi&G$)GYTd SB GMT L _ pliL/ LD 

dlpGyiLD (resourcefulness) dlGS)ULurrpj. 

^p ld urr (Roomba) (SurrGsrp gyj&ffltGpd) prrGsfhu didl&Gfr, LDrrppjp ^lpGsrrrGiifl<^(§pd(pLb, (Lp^lGujrrf<^(§pd(pLb 
2 _pG±iLD p rTGsfhu id Si &d&>!j prrp&rroSl&Gfr, PR2 LDppjLD Care-O-Bot GurrGsrp ugvGgutu g^lL® (2GUG$)GV&GS)Gnd 
Q^ilul/ld 2 _pGfhurrGnj prrGsfiiudjdh&GrT gugmUg, fd)ujrr& Guppj g^lLugst. UG-GflGsrfl (Da-Vinci) LDpngj ld gBiugw 
(Zeus) Gurr&frp u5)&> gmtgs) LDp QprrijfGvpjuuLb Q&rrGmi _ QprrGS)GvGprrd(p ^pjgvgu IddldGS)# 

Gif 6)!JGST& (GTF)LD GUGM^G, ftfllUrr&d S) GS)l—d§>)GSTpGST. dlGV Qp [TLfi)p<9 : rrGS)GV&G)l?lGV £g) TJGl]LJUGMfld(p 
GifS)rrd]&GS)Grr 6£/_<si$l1(5) G^GndGS)^ ^GVGMrfpjGfluf) G)?Ll(p)d(pd Q&GifrpjG)fl(p)§>lprrf&Grr (lights-out 
manufacturing). ^^lG61(pppj QprrLfiGV& pGsrGsfhuLDrrd^oSlGV Grpp ^gy gttgli GTp^pGifr&Gfr L/Lpd&p6)lGV 
gu ppjGfluuGST gtgst pj QprflppjQ&rrGfTGrrGvrrLb. 

(f^Gsrpj fbmi) Q ldgstQ urry^Gn (ypGVLD GTGfprr&d, pijGy&GViGn 2_(pGu rrd(pdh($prrLb, go/ /_//_/£) (3 prrLD, 

^_0 LDnppLD Q&iudlGprrLD. (°£]GpGurTGV prrG$fhur£]§>)&Grr qpgvld ^Ggst^ld^ gtgvgv nu Q u rr(pu&G$)GrTiLi ld 
GTG rr]prr&, 2_(pGu rrd&GL/ ld, g$km)i u ugl] ld. 2 _(pDDrrppDD Q^ujujg^ld ffjiuGvd^Lyiu prrGrr Qgu(p QprrGS)GVG)fGV 
(°^gvg$)gv. ^GirGp prrGsfllury&l&Gn &rjrG]&f6))GV (rfjcpfpj prrpj uQ u rr(pu&GS)GrT QgulZlp GTfldSlGsrpGsr, 
&d&rru Qurr(pLL^GtflG6)(pppj urr&rdj&GVGYT 2_(pGu rrd(pd>lGkpGST DDppj dd urr&rdi&GiflGiSltppp] (Lfi(L£> ^puf&hu 
Qurr(purDGS)Gn Qprr(pdd)G$rpG$r. 

UJfB^lijGM <sto&&<srr (Robotic arms) 



GTffjd)} [JGST G5) <9> 

Q^rTLflGV gJGinpifilGV U(UGSru(f)fpUU(f)LD UGV prTGsfUuThi ©<95617 (LpQf ffiurb&llrr LDGGt]pljmGTT (SurTGV 
ffj GVGS)GvG) LDIGGTpfTGQILD ffjGUpplGV UGV ff] IDI pS) jd G$)&>&>GfT GufTGV GgUGDGV Q <7 UJSiGSTpGST. GlDGVILD ^GUpplGV 
(f^iLipd) rrd &Gm&Gn (SurrGsrp 2_Gmrfl&Gfr £-Gm(f). / 5 / 7 /i) &GmGmrrGV urrrrfpj G$)&ujrrGV Q&iuiud^Dyuj 
GGUGVGV&GVGfT ^GUpprTGV QU 0 LDUfTGVILD Q&UJUJ (LpLyiL/LD. fF>fTLD Q&lLULld <EF>U^GSTLDfTGST GlDGVILD /5 LDLDfTGV 
GlrriuUJ (LpLyiurrp dlGV GGUGVGV&GVGrrd ^/_ ^GupprrGV Q&iuiu (LpuyiL/LD. GT(f)f&yd&rrLZi_rr& [bld gs)&&gs)Gtt 
G)Zl_ lSI& yry ld rrrr> uigiT) &yjds 5 (LpLyiL/LD. pid gs)&&g$)Gtt g>51l_ Ggug,ldgg, [B&rrfp (LpLyiL/LD. pid 

LDGStifld&LL® LDppjLD (Lfi Lp Thi (o5)<55 S)(p LD ud<%xLyUJ GGmfGS)pG)f L_ ^SO&LDtT&d) 6)(p LI UGL/LD (LpLyiL/LD. 

(°^GS)GU GTGVGVtTGLipG^piL/LD <Sl5)/_ (LpddllULDTT& ^l_gG)SlGVGmud^LyUJ l_fr]&GlflGV prTGsfkuThidl&GTT 

(^Gwf))ujGS)LDUjrrpprr& glUiZugst. 

upd(pLD <oTT 5 S>)[J<oiT& 6 rr (Flying robots) 
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619)S)}[J69969 (5JuQuU^jQlD /5/_/50/, £_0(JM7(/j) G960U65)698) 9 69 67699)] [fl65)699) <g> \J9699 676969? ®60 
67 p 6) 969968 ujj)[B§JlL G8606od9xL9UJ65)69. £g)<si ipGinpp 69965)89® (drone) 67698)] 

G9960®(3fD9LD. GfB8i-9UJ969 9 lP®uu9® ^60609LD60 8>i_69 19 . 865 ) 9 6T®d(9}LD ^18)699,969 (Lpd®ujLD98 <g£0 
9,965$ uj rd® 65) uj 6^0 G9,965)6od 8 lP®uu 9® G&iup 899,69 ld98 ^60608LD60 6^0 2_65965)lduj869 

(oirB&tlpGzrrr&d G&iu®tr)§]. 



^8(3 <5991^19. 6986988® 


2MfJ&)lQLD(sb 2_6868 2-659[fl&68 LD8)J)j LD !_j6®l (§] 65)60 9>9 lLl(GPS) ^® ILI698) 8)] I—69 (5^65)659[B8}J Q <9= LLI6V U ® LD 
GLD65tGU 9(7)69 8lG® UU9 lP® (Lp60LD UILI659(£S>ILll—LDULTj. ^6965$ ILI 8819)98 LI U9)9)9}] 698)8)960 ^60865)8 

^65)1—ILI (LpIJJ-U-ILD. /5<SlJW 60® 69 LJ60 6)519, LD 9 69 991 LD8®J86I$601LD 8,9(3699lPl)_ 69965)89® 868 UILI95)19(9 

69 [$8}] 6)51® l_ 69, L) 65)8 U LJ L LD, G9,965)60889®® G8® ^861$ 6)5(1^ (BS$J, 88)8)]d(8 > Lf)6b 965989655 $/_}/_/ LD8)8)] ® 

G)9>96vQu 9(9)6rrUu6V 6965)J. 

firjQpLfi® <oTjpfglrj<sir&<srT (Diving robots) 

dl 608 ® 601 LD 6U 9699® 6V! LD LD®® LD9)9Q 6969 ($60615)60, [$($601® 6T /£§? [J65T869 U 60 (361165)60965)699 

®8®®698)69. LJl 0 6T 8,®9698 68 LD®®LD6060, 611655$9 [f® ILI 969 $rT(LpLp®868 U60. /_/ 6)5)U®ILI60 

6)5(61) (61)965$868, Q 960 Q LJ 9(9)69 ^ (T9 ILJ 9® ILI969^969, ®) 99 655)1 69®. L) 65)8 U LJ L 889(7J8 68 LD8)jr}]® 9l_60L9j_ 

^5j j rr9lLJ9®lLI969rj96TT [$9(y7®® 678]® [J69865)68 U60 (36965)608(69,8(9}® UILI69U ®^^l®8)89868. 



d 9 (Lf)Lp® ( 6 TfB^ 965 T 
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£g)<off)<si/ ^(y)d&LDrr(5$fl&m, LDipngj ld z_ rrumij G&nmrnj (Doppler Sonar) ^Shusu/oGnrou 

UlU&STU(p)^§)l, £§)0<950/i) £g)/_LD LDjf)ipj LD ^LpLD GurT&STJ]) 6) (GD&UJ (51S)LD <Siy<55 (GS)QTT^ 0 /(SV oSllU LD [T& 

LD&)LJiSl @ <d)(oSTIT)6$T. ^/7(5(o57/7l 1^_ (Sl//7g)/7/7®^(g^c^c^/7c^ 2_(TT)6)J rrd&U U lTl_ UGV <55<55/57(95(5^ /£0<95<95^_tt5)(5l3 

Lfil&GpLC) Q(sn i^julLl- c^Lpd)6ir>svii5}(oViLb (Sgugvksv Q&iud)(5irtr)(5$r. 

rb<sirr$l Q&pfl<o)ShjLi&<sfr (Acknowledgements) 

1. Robot - PNG images and cliparts for web design 

2. uArm Metal Open Source Robot Arm by Siaopan - Wikipedia 

3. Gray drone white board by Adonyi Gabor on Pxhere 

4. The science ROV ‘Hercules ’ by Brennanphillips - Wikipedia 

^)^£)^/7/_/fi(5U ^ 9/@6565 <$/2_@<off)/77 Q$rTLfl<sb§]<ss)jD <oT[5^lij<s&T&<sh(IndustrialRobots) 

(Lpp>6V (oir5&>lF(5is)6zr 1954 $j<sb gorri j®d Qisugv (George Deyol) gtgstugijp QprrLplsvg](5ir>ir)d(S& 2-([TjGurrdd)(5$rrrrf. 

QprrLflsvgjs&ir) ^ Lpu uGS)i_d <95035^/< 95 <5 rr (oTGmG^sfl ld <95z2_@z_7z_j/t@ mjpipjLb Qprrsimsvd 

Gy>&,ujrr(GfF,p,GV (remote manipulation) ^dhuGU/ppSloSl^rB^j ^0<siy/T®(L/(5W5y7W. QprrLpIsvgismipp 

p,rrGyfhurddl&,Gy>snu Q urr&^j gu rr&, gop^rrjri] GU6ir>&&®rTrr&LJ iSlrfld&svrrLb. 
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Robotics 2. Q£rTLfl<sb§i<smjD GrptS ijdr&<srT 


(Lp&>6V <oTGMT(oVsfl LD <95 lL (J) LJU /T® LDlf)fQ] LD fUjGV <57(Lg6} ILld&d&^Lq-UJ <o70§ 5 )/J(off)(off! 1954 £g)<Sl> ®g/77J®§ Ql_6U6V 
(George Devol) GTGVTUGUfj ^qt^gu rrdSlGsrrrf QenGtrrjGV GLDm^i_rrj(srv firry GiJGzrpgjdiQ (Lpp>GV u^ssfl (S ldl! 
(Unimate) gtgstjp Quiurf Q&rrGmi— GifflrroDGn £g)<si//j sdljDjDrrrr. 1961 AA,id ^Gmi^GV s 4 ^LDrfld <95 rrsiSlsb fg^ 

G)®odcrS)u51 <svi gttgh <gff 0 ^(gdgvuSIgv <syd& Gurrrfui_i u(Lgd&d arriuddiu 2 _(S< 5 D/ 7<95 

urr&rdj&GinGn <or(f)£&y ^j(f)ddl Gimzuds 5 £g)/5<5 GrffrjGir f^jGuuuLLi—^j. £g)0/ 6£0 GrffrjGir <off)<95 (Robotic Arm). 
&6&sfl(55fliurr(sv &?LC(fu u(f)fp>u u lCl_ £g)< 5 /D 0 Qi_guggv Qujrjjr) (Lpp>GV &,rru ip rflGS)LDp>rrGfr / 5 < 5 iJW (oirB&tlpssfhLKsv 
QprrLfli])&j](5ir>(Dd(&} <sy Lpfp>GfTLDrr&, ^(r^ddlip^j. 



(^SS^CS/DL. (5T[fr &)1 IJ(oST 


<oT[hfj5l!J<oir Gu<sma&<srr 

&)jj)<9in(ovd)d)l <sv Gifd) ijgst<ef> gtt ugv gyGnjp&GrrlGV uiugstu rrU(f)d(p) gu rB^jGdlUi_(5sr. 

• Q^rrLfiGV&j&nrn (oTrBfrjGir&Grr (Industrial Robots) 

• (Scrao <51/ (oTffrjGir&GrT (Professional Service Robots) 

• <9^/J_ (/J) (S(51/(off) <su <o775§5)/7W<$(5yr (Collaborative Robots or Cobots) 

• /-O03>£i/<5i/ (or /5§?/raw<95(5yr (Medical robots) 

• <$ z_l ® z_d /raw ( 0 T /5 S 5 )/ 7 W<$ gtt (Construction robots) 

• (S<5i/(5Y7/7(Sffff7" <o7/5§5)/7W<$(5yr (Agricultural robots) 

• Cfrrrr Gmi GLi OT/5§?/raw<95(5yr (Military Robots) 

QprrLfl (5i)0/<off)/D Grf&CjGVT&GrTlGVT ^ Lpu UGS)i_d & (Tafoya gtt GJGmGmfl ld < 95 LLQuurr® LDjpjrgLD Q^rr&nGvd 
6$)&iurriorjjOjGV (remote manipulation) ^t,dlujGujj)ii51(G61([^rB^i 0 (51/rrS) iLfGfTGrr ggt. 

Qpmssxsod <ois)&iurT(@nj£<sb 
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<siv0<si/<5/d@ (LpGSTGtrrj £g)z_ ijlSI^ib^ u^^l^GiflGV QprrGS)Gvd gd^uj mGppGV (remote 
manipulation) <o7w/d QprrL^GV^j lFuGld u rrGUGvrr&u uiuGSTumFLyGV 0/5^5^/- QprrGS)Gvd g$)&uj rriGrypGV 
GTGiru^i &rmddlGVidrorT uGmflGsuu Q^llul/ld a=rrpGSTLDrr(^Lb. £|)^/ LDGsflp Qp,rrL^<svrrsnj&,m GTGrri&hGb <s>JGVGV&y 
i —i n<9j] &tTLJu n&> <r^xi 6M)i &> QpLpiurrp, p^LpoSld) uujGwuQppu ui_GvrrLD. Gi(dp^jd&,rrLFi_rr&, &&)rfhLid&LJ 
Qurr^Ll&.GDmd gd&,uj rr(GfF,Gup,jf)(^, ^jgvgv^j d<sv ^pLpa,i_ff)U(g ) ^a,GS)Grrd a=rrrrrBp> LDjpjrpLD gA GmQ gu Gifl 

GGUGS)GV&,(GfF,d(^. pp^fTGO) GTtB^lpGir^GllflGV LDGsflp QU /T/J# £g) lud^(J^d(^LJ LlS)l6Vrr& GTGmGlttflLD 
&,L^(p)uum^GDi_u uujGiru(^p§jd)(3prrLb. ^&(3 gu pp&rrGV QprrLft)GV&yGS)jD GTtF>6)lijGir&Gfr LDGsflpd Gins s 
LDJBJQJLC) Qp>rTG$)GVd 65)&UJ /T(g70ffl/ l—Glfr GULpGUGfihuG)S1 GV dlGV Gp[f)lQ]GX)LD&>G$)GrTd Q&rTGMT(j)) GfTGfTGXT. 

6T655T655fl LD <$/_!_ (J)Z_}/_//7(5) 

Qgw)G ird)! Gurry® (Henry Ford) Glpm^UL/GurflGin# (assembly line) ^tpup6)l(LpGS)(DGir>uj ^-(ipGurrddlGsrrry 
6^0 QurrqjjGiflGir GpGy ld rrd)l rfl Gmu QprruytB^j ^(tyGurrdt&jGuprDt&j dppp 2-tr)up6)l (LpGnjr) ^ 0 /i). ^GtrrrGV 
GpQT) ld n§)lftGmu Lorrippl ld/bQ fnrryp LDrrdhrfJ piurrrr Q&ujuj GGUGm®QLDGirprrGV rffon/Biu GirB&hrr 
^gs)ldui_i&,gs)Gyt LDupp QLDG$rdQ&L_ GguG m® ld, GrByppid GT®d(^LD. ^d&rryGmpprrGV “Model T” dpjjpGnp 
< 950 z_y/_/ r£ljD^6)lGV ldlL®Gld piurrfr\d)&y gFjpugdgst Q&iuprrrr. “ 2 -rdj&(Gn)d(& ) Grpp rfljDLD 

GguG mCh) ld rTGzrrrGyi ld dlGS)i_d(^LD, ^GsrrrGV ^py ^(jpuip r£lir)LDrr& ^(njd& GGUGm®Lb!” GTGsrp ^GU(ipGS)uuj 
G&rruurr® lF&gl/ld iSl yuGVLDrrGmpy. 

[BG)Jg$t 2_rr)ud)d!\ QprrLflip&rrGinGV&Grr ddOiu ^igytg^gv ugvGgutu gugd&ili rrG$r QurrqTjLL&GDGrr 2_fDud>S) Q&ujuj 
Ggugmt® ld. $gmtl_ &>rr gv p6)l /D0 g$Gi j&>uunftuiSlG$r Gp(Gy LDrr&>lrflGmLi(Suj <s>l&>l&LDrrGzr GTGmGwsfldGn&iiSlGV p> lurry 
Q&iupy uiUGsb gvgs)go. piunfluL/ LDrr&>lrfl&Grr LDpryw 2_fDud>S) &rrGV ^ lFugug^gmt^gFgv y^Lpd&iy gjjpuQIld 
LDrrjDjprd&iGrydtp) Gjjpu 2_fDud>S) ^gdldulSIgv QfF,®LpGyd>pGSTGS)LD GpGDGu. 

^fD&rrGod) QprrLflGV&yGmir) Giy® y gst or gtt ®lyGvrrGV &>LL®uu®ppuu(®d)G£rtr)G5T. rffrrGV&,G$)GniLi ld, 

G&uSld&LJULLl— 0} JGp&>G$)GfTILILD LD rTJBpl LUGS) LDU UpGW QpGVLD (q]G$)GU UGvGgUTU Q&ILIGV U rr®&GS)6YTd Q&IUUJ 
(LpLyiL/LD, £§)0/ GJGMTGSsflLD &LL® LIUrrQ&GlflGST UIUGSTU /7/J_^_q5)0/50/ ^—(JpGUfTGGT 6^0 ^LD&LDrT^LD. 

Q^GUGurmni c EGttsflGsfl GTGmGttflLD &L-(h)LJurr(h) (CNC) LDjprry ld QprrGVGvd GS)^Lurr(^^G)SlGir (remote manipulation) 
Gp(iprddlGS)Gmuip GTtF>S)lyGsfhuGV gjgwjt) <s ^0 i_i&>Iuj QurrphidhuGV ayG$)jr)GmLi(Siu ^(tt^gu rrddkupy 

QprTLfl609)165)top &rT65flUJ[ElGi)&6rr 

Qo5rrLflGV8yG5)tr)£5 p,rrGsfhurddl&,GS)Gnu Qurr&y gu rr& ^tb^rrru GUGS)&&6YTrr&LJ iSlrfld&GvrrLD: 



QprrLftlGV&yGnp <orrF>§)n<s$T <su<5is)a&m 
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^ iu (Lf)QS)fD <o7[5&}rj(5iT&<sn (Cartesian): X, Y ldjdtulc) Z <^<95 3 s^dar^Xfld) GrBffliLnsv 
(°^Ujd&r£]S sm ^LpGVLD Urr&fr]&(51S)®rT <oT(^)^^J GS)GU^p,GV (§GU(^S)GV<^(^d(^ 2_<95£§)0/ / 5 / 7 /i) 

LDGmfld&lX6$)L_ GlDSVILD d(Lg)LD, 2_6Y TiQtyLD Q (51 /QlflLLfLD, £g)/_(7p/i) GUGV(LfiLD <EFLDLDFT(5$T<9jJ. 

£g)(otf)<si/ un[jd)&)n(oV 2-d>&>lT urrprBQrrd&y) (gantry crane) Gurr&frjrii ^(njuu^rrsv £g)<si jpgud^ £-d>&>lT 
sips)rr&sr sjGSTjry ld QuiLnyrjGm®. 

^_0(o5)(oY7 GULq-GU <o7/5^) fjsir&Gh (Cylindrical): ^GUtD^jd^LD (yp&kry ^d&r&,sdlGV //_/<$ <95 z_i 

y^Gvrrrd) (S^rjGm® (SfidiLnsv (opGsr/ry gulCl_ ^iud&,LD. 

(ip/J_(5) ^)<o5)(o537 <oT/5^)/7(oi7 (o5)« (SCARA- Selective Compliance Articulated Robot Arm): <s^0 Q^rr^uCHtsv x, 
y, z LDjDjryLD OrLpd) (gfiujd&Lb Q^rrGmLZj.(i^d(^Lb. 

AA>£lJ <syd&T <5ir5&>lF(rir&(ofr (6-Axis): <s ^0 ^ 0 / 5 ^)<sir lS^j ^(TT)dGS)&,&,GS)snu Qurr(T^^^jGU§j (Surr&srjr) 
Quffliu Qprr(§ /_//_/ gu(Hgs)# GGUGS)GV&,GS)m ^GajpjprrGV p>rr6ST Q&ujili (LpLyiL/m. 

<57 (Delta): 6^0 Q&syid&iu ULL(5$)i—u5}(s6)([Tjr5§j (conveyor belt) urrardaonsnu 

(o7@650/ g^GUff) GS)JT)U Q U lX LZj.<^ Qlfl Q GV rT ^GVGV^J LDff) O/D/70 Q&SVld&l LJ uXgV)L_ l_SQ^fT (GSXGU^GV 
GurrdrjD urrhjjrrjpjr) QGUG^GV^^d^u uiuGkuQ&ljB&y. 


rsmifil QpffloShjLi&m 

1. Razor Robotics - UNIMATE PUMA 200 Robot Arm 

2. NPTEL - Industrial robotics - Common Robot Configurations 

^pQprri—fiGV <3i(f!\d)t5 &Li(j))(5ir>rT: Q&rridp&LD G&rrLAurr® Q&rndij&Lb (Lp^fDu uuSlpd) 

Qgutuld G&rrLAurrQ&GinsrT ldlLQld uupd>p>rrd) < jq 5 )/_//_/<5 p,X(p)LD ldjp^jld L/rflGu&jjLb ^Lyssni). ^^Qgu 
Q& mdp&Lb Qv>a>(LpGS)jr)u uudjpdGmu ^gdi_u31(5S)i_(3uj Q&iljGgli rrm. ^p,jf)a,rr(5sr gugvtQ urryfjsrr&srrlA) 
Qp,rri_da,^^l(3(sv(3iu Q&gv&dgu ^(Lgd,3y sdl 1 _ :tldgv uudjfidd^ Qgutu gt&stgxt gul£I siGsripj urryuGurrm. 
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Robotics 3 . Q&rTtgp&LC) ©s/nlu/r® Q&rrqnj&Lb <sto&uuuS)tD@l 


UuS)fD@l (SULfid 6SfBJDW 

(S<55 mlun® <55syr^_0 glildjdjdgsxsu. ^S)&LDrrG$TrrGV pgSIul/gb ^lLQld, i-ifirbgj Q^rrmsu^j ld ^l^g^ld. 
gg)&u uudjpdudGV GtflGmGmu nLii—n&d ^jprudQ^rrGfrGYTGvrrLb. ^GsrrrGV Qgutuld gd&u uudjpd) ldlLQGld 
Q& iuprrsv / 5 / 7 /i) (Lpiujrid u u&y Ggugvgv Q&ujfrrrGViLb gjgst Ggugdgv Q&iupgj GiGsrrg Qprfhurrg]. Gj^rrGu^j 
iSl rrddGS)Gsr Guppy Q&rrtGp&LD LDrrjrijr) GGUGm(p)Q LDGSTjprrGV gtgv)£b LDrrtpfruGijpp, gjgIt gigsttuld ipfiujrr^j. giggtGgu 
Q& rrtdij&Lb Gv&uuudjpd&iGTiji—GST Q&rrtGij&Lb ^ Lpu uGS)i_&,GS)Gnd &>GvrBg] uLp^p,rrGV GiGifl^rr^u L/fliL/Lb 
LDjnjryLb &®l)1ljli£5 <5/J_/_/70/. 

2 -<smrj, ^Il=.l _ l£I ®, Q&uj 

GT^^ltjGsflujG^GV &>(rijd)Sduj(sZ) (paradigm) GiGsrupy 6^0 GitB^lpGsr GiGOGurripj ^juj rd^Sljp^j GiGtruGBfD&rrGtr <s ^0 
ldgst Lim§)fl (mental model) ^0/i). 2 _Gmrr, &>IlLi—Li51(b), Qj=llj gigstt) (ppGtrfru ^ Lpu ugv>l_ Ggu&s)gv&,qs)SU GifBp, 
GurflGn&uSlGV Q&iudlGjprrLD giggtugs)^ gdgu^b^j GifBp, GirB&hrrGsfhuGV ^(jp^b^Iujgdgv / 5 / 7 /i) LSlGSTujpipjdlGjprrLb 

(51 GSTJTg Q&rTGVGVGVrTLD. 

dsvrr 51 [Bp, G<5U(5S)5V(5S)UJiLiLb r£lprr(5mDrr& Guj rr&GDGsr usmsssfl SIIlIi—lSIlI® d Q&iuGurr. (°£)gs) p (LpGsrGuj rrj=GS)Gsr 
(deliberative) (LpGDjr) GiGSTjrg mjpGvrrLb. ULpGurflGS)# (hierarchical) ^GVGVpy (LpGsrGuj rrj=GS)GST ldgst ld rr§) d g$) ili 
^G iJGurripj glIIgli rhd&GvrrLb. gifb^] tjgst p>G5TG$f] i_(LpGfTGrr 2_Gmd&,GrrrrGV frpfrjjd^LpGVGV (lp^gOgv < 0537 / 7 ® td^I- 
(^gui)55)[du Qurriru^gi TBi—GJUj.dGS)^GS)UJ^ ^/J_/_/i!)®ffi/D0/. iSlGirGsrp Q&ujGVLj(B)§>)ir)&p. £g) < 51 /< 51 //7/p/ 

<S£ (51/ G) (517/70 <3>l1l ddlGOILX) Q (51/<5lfl LIU65)I— UJ /7<95 ^@6565 /5/ (51/ « (off) « (off) //_/<£ ^)/_l/_/_fl/_l/_ iSl GST GStG !J 

Q & UJ GVU ($)§>) IT) gj. 

LDJBJQJLC) d)GV($ljrr GIQgbGgBGST <^GrS]Lf)^G^GST GlGSTgU Q&lUGUrf. £g)(otf0 GtS)\TJgS)gS) GST (reactive) (LgGS)!) GTGSTfT)] 

<h?lJdgv mb. 2_Gmrr)&Grri(5V grprud (&*> LpGS)GVu up) pi gtgstgst Qprrhu GJTppGprr <s>t&>p(&) gtS) i<si5) gs>gstili rr& 2 _i_gst 

Q&UJGVuQpGV. £g)/5<5 LDG5T LDrr^lffUSlGV 6$lLI—L61 (5)^q3 GTGSTp ULpdylG5)G0 £)65) Z_ UJ /70/. 

(LpGsrGuj gj=gs)gst (LpGnpGiu dprBpprr&d, GprrGsrpj ld. ugv(j^ld ddGnpGiu ufifB^jGDrr Q&iuGurr. gigsFI gsu ld 
GJGssruy GpL^-d Q&rrGmLSj-fyjjd^Lb Gurr&ii (^pjdG<^ ^uQijgst p>GS)u GutB^rrGV Gmrr&GnGvr Q&ujgj G[b^gs)^ 

G)9(5MTLpd&> lditlLGi _ mb. g-i—Gmq-iurr&GB ^(ipu l/Ggu rrm ^gvgv^j ^(LgGBgjGGumb. ^^Ggu 

LpGDGVu Qurrru^^j pLDdt&j (TP^/d^^Gld G^gdgu uui_GvrrLb. 

£g) LDLD[T§)1 ft (LpGVrGlUrr&=GV)G5T LDJDJQJLb GlS)^G lUGDG 5T (s^)IJGMT (5ft )L //_//i) <55(5D/50/ Q&ILIGVU (J)(51/ G5)^d &GVLJL/ (hybrid) 

LDG5T LDrr^lffl 5TG5TITJJ &^JT)GVmb. ^)/5^ (LpG5)JT)ifilGV G£ <51/ Q <51//70 UGSsftGmUlL/LD GlGUGUrTgU dlfDfbp) (LpG6)JT)ll5lGV 

^GVGmuuGttfl&GYTrr&LJ iSlrfl£5§jd Q&rrGfTGu&y GiGGrrym g^guQgu n(r^ ^GVGmuuGttflGinujiLiLb gigogu rrjry Q&iu&jj 
(LpLpuuoy GiGwjryLb GifB^lyGvr (lp^gSIgv S^Lli—LSlLbQd Q^rrGfT(GfF,Lb. ^)/5^/_y uLprdG$)GVGmu GLDtpQ&rrGmi— 
UGmflGmud) ^lLi—l6]i—GV (missionplanning) GiGWjrg mfDGVmb. i_b ld n&)ffi (Lg^oSlGV ^idi—LddLdQdQ&rrGm® 
Ggugdgv Qp>rri_rddl(u lSIgstostj Gi^lyG)5lGS)GST ldgst mrr§)d (SurrGvGGu Q&ujGVuQLb. 

uuSIpSl Qujo Q&GVGi/iy QLDmdQa@Lb 

6£0 <5715§>)/7 GST GU&frQUrr(JT)GG)GfT g^^GST UrT&,rd&,GdlGSl(TT^fBOy /§/B7c55(3(5Y7 G)^/70^0/, tfllJGV Gl(Lg§), UGVG)5}GB 

Q&iuGVurrQ&GinGrT Q&iug] urrrrd& (LpL^tB^rrGV ^j^jGgii (°^Gir>Gmujtr)ir) uuSlpd) ^ 0 /i). ^d^rrjGm^rrGV 
gugstQ urrq^iGfFtd^u Quq^ldgugl/ Q&gvgl/ Q^iu^rrGV^rrGir ^^Q^rrL^GV^jLiu^GS)^d ^jprudQ^rrGfrGrr 
(LpLyiL/Lb Gurr®Sl(rijd§>)tr)G{B GiGMjrg uiuuui_($G)JGMTi_rrLb. Q&GVGdlGSTphLiLb, Q&gvgl/ (^gdjbgu rr&,GL /ld 
&, jDjri]dQ&rrGh(Gri ) Lb ugv GUL^(LpGv>jr)&,GS)GfT ^d&idQGnrrd) Qp>rri_rhGV &rrGMTGvrrLb. 

Ulfiltpd) (LpGG)jr)&G$)GfT Q&GVGL/ LDJ])ITJJLD QlLDG5rdQ&(T) (51/ jflGD&llS)GV d($Lp &rTGMTGVfTLD / 

1. GPfGmiu u iigligs)G srUJuddldiGd gv (Online simulators) (^GVGU&LDrr&u uuSlpd) GiQ^Bgjd Q&rrGrrGrr 
(LpLp[Bp>rrGV Q&gvgl/ld (°£jgvgs)gv, QLDGtrdQ&QLD 0 gdidgli. Gldgvild Q^Brri—d&GB&ilGV 

LD/in)jD^Gft&)U-lLD (^GDfDd^GVfTLD. 
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2. §^l(Dp&> £LpGV u rrGUGinGmurrd £)^gdgtt (Open source simulators) u6)G)5l(r)d§2, rfirryGidl uuSljpd) Q^lljgu^Igv 
Q&gvgl/ ^)o3 gmgv. ^Gsrrrsv r£]try6)5) (°^ujd& Q&rr^&LD QLDGtrdQ&L- GgugmtQlI. ^)^jD(^d 
6 $)&LC)LDrrrDrr& ^gs)gmtujp^Igv ^GVGvrrp, ugv uifilipdl&Gis) Gnu-iid Q&ujuj (Lp ipu-i ld. 

3. 2 -fr]& 6 fT QsnrflGV 6T[B§)lrr&ST uudjpd) r£) gu gu Gmd ^) 0 / 5 ^/ 7 q 3 ^gu rr&,(6TF>6$)i_uj gugstQ u rry^Gnsnu 

u uj6$t u(]5d)d5 GV&uuuSlind) GrQpgjd Q&rrGfTGnsvrrLD. uudjpdd &>L_i_6md Q&gvgij £_6m(5). ^Gsrrrsv 
QLDGtrdQ&Q (^gd^gl/. GTfBp, gugstQ u rr^Gnsn gu rrrddlGsrrrsv 2 _rd&, 6 fT rBrnCi—poyd^LD, 
(^ifldG&rrGn&^d^Lb, Q&GV6y£6)LLi—£gid(&}Lb uSI^gi/ld Qurr(r^^LDrrGsr^rr<^ £g)0<950/i) GTGirru 

Q^GuflGUrr^ (LpupGl] Q&UJUJ GULfl GU(^d(^LD. 

4. (°^fru6)ujrr& GUGirQurrQTjGfr Qpm^ULi&GinGrT (hardware kit) Gurrr^jdl^ G)&>rr(&j£gi, rflpGV 6T(Lg)&>ld 

6$)3i(Lp6$)fDUJrr<5, (^lud^Guayp, u gst 2_g3tgst<ef>u uifiljDd)iurr(§Lb. 

urrfjGS)Gijd Q&msssr&anpd sai(^LJu(^^<sb (Viewpoint Control) 

GTridlUGST d)ro g$tgytgSIl gv (Robot Benchmark) gtgstit) (§)d& (2^)6$)6mm <^Gn<p®Gb /5/7/i) Qld&stQ urr^Gn gj^jld 

rfjltryGurrLDGV uudjpd) Q ujnsvrrLD. ^)/5^ £§)6 $)6muj ^gyt^^Igv u ggugdgstuj GddlGsnu u uiugstuugv 
uudjpd&GVGfT ^_(fi)Gu [rddliL/ gyt gyt gst /j. ^)/5^ (^GVGmiu pGnp^lGV <^0 &6md(&, ^(ipGu rrd^rd&Grr. (°£]6 )gv 
Q&> m—d& rfl6$)6V (Lp^GV uuSlpd) urrrrGVGud G&rrGmpGmpd &>lIQljuQ^gv (Viewpoint Control). 
uuSlipdhfilGV Qp>rri_rd(p) (Start) QurrpprfG^GST y^(^d>&) 2 _ 6 fTrfjjGS)LpiLird& 6 fT. (°))py6UGS)rr LDjpp uiuGzrd&Grr gt®^ 
LD^LjQuGMTULp GU [fl GV&LJ U (j))£6)d <55/7/_l/_L/7J/i.i^_0ci0zi). £g)/5<5 S)jD6$TGfT6)5h_GV6V [£l IJGV GT(Lg)6) 

&iC(j5u u(p)pp}jrd&GYT GTG^Tfo (Startprogramming this benchmark) Qurrd>p>rrGS)GST ^ 3 pLgd>&) uuSljDdlGmup 
Qp>rri_rd(p)rd&6rT. GvpuSGuj rr 2 (Thymio II) gigst/p gt^S) Iggigst u[tguGS)G srujrrddlu51 gv ^rrGmGvmb. 



umj(GDGijd (ZarrGmd&n&jd <95 zi.®/_//_/© <5 c5<si> 

uuSlipd) gtgugu rrjru Q&iuGugj gtgstjt) gOIgu rrrd&Grr 3 p^GV&GiflGV (tabs) Q&rr@d&uuL2Lp([ijd(£Lb. 
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• (SmGsvrTLLi—LD (Overview): &lLlpgv>ujlj uiuGiruQpS) (Lpuufi ld rrGmd ^GmQGmrrLLupGinpp 
Gpgvgulu ggst (S&rrGmp&jjdiQ Giuuip [B&fjp&Od /r<ow5) <517 0 <5170/ gtG triru £g)/50/_7 uudlpdludlGV 

^ppjd Q&rrmGtfrj&dr. 

• <gim<sii r£l<ss)<sv&m (Metrics): 6^0 (^pl u iSl lTl_ ^jup^lGi 3 LDppjm QrBrrd(^tSlGS)GVudlGV u gjgvgugvlu 
6$)6ud&, Ggugmtlplu uuSlpdluSlGV j§)/50 pppGV 2_rd&,sn (LpGtr(§Gzrppp®n(Bd &rrGmiSld(^Lb. GitB^TTGir 
^lpGGTGfTG)Sll_GV pjGLIpp®rTpS)(SV ^-fhJ&GTT Q^LUGV^IpGVGSTLLjLD g)0/ U^lGp Q&UJLLjLD. £g)00 000(51 SlfoST 
d(SLp &ppfdd&UUL-Lp([1)d(8jLb (^LDpippU U GJGVGIJ Lid GV (top view) 2-GfTGfTU ip (Z0/0 00 (517 (5S)/J 
QrBqjjd&LDrr&Lj Qup urrrrGVGud Q&rrGmpGftp p&ijppGpLt). uup^lGV g_<ofr<srT6ir>p g>51l_ (3<sl iQprTQTj 

0(517 (5l5)£)00(o&)0L7 (^&>GV 2_LUIJ GiddlpLD) ULUGSTU(j)ld>d) (557 ITGV, fifrJ&GfT <97$ UJ (7(557 U GJODGud 

(Sa,rrGmd>GV)p>u QupLDrrLiu-d&Gfr GTGtruGinp ^gdggtg^gv Q&rrGfTpprhj&GfT. gjggtGgu <g50 [bgvgv 
gJIgdgttgdgu u Quirt 2 _ 0 < 5 iy ld GUG$)&>udGV 2 _rd&Grr ^GGmjp^Gsr ^gytgidgu LDrrpp GGUGmpudpd&GvrrLD. 
QldQgv amTuu u(j))ld r£lGinpG)-i < 90 < 5 i? 0 /i) ^rdj^Grr urrrrGVGud (Sa,rrGmd>^Gvr r£l<ss)GV (°£]Gvd(&) 
urrrrGVGud Q^rrGmp^lGir r£)6$)Gvd(& ) GiGiJGUGnG^ Q[B(iT)d&LDrr& ^(i^ddlp^j gjggtu GS)pd (^nddSlp^j. 

[BGVGV LD^IuQUGMT GU fBpGp L GST uShGpQ&UJ (Record) GTG5TJT) QUfTpp /7(o&)(557 ^(Lgd,S) ^JGVpU U^lGp 

Qa 1 LUUJ (LpLpU-lL£). 

• ^G$)Gm&ffl(Instructions): ^Gm(3GMmui_d)GS)pd &LT(i))uu(B)pp GtlTlpgvuj gtgugvi rrjru 
ULUGzruQlpBgJfoJgJ GJGsruGvp £g)00 (B(B(BGV ^_rd&,(pr,d(p GdlGnd^dlppj. 

• G-Lfijon)]: £|)z_0/ &rUip QurrpB&jrrG$)G$rd Q&rrGm® <s^0 3D QumpjGiflGV Q&rrQdd), &rUipGv>Lu 

^(Lpd&,Gi/ ld. uQurr(P)G$)GYTd frpnfl ^GmQGmmluLD ^logvild. 

• [ 0<95/j00 /: <51/(51)0/ Qurrp&jrrGVGzr ^rrudludlGV Q&rrQdd) &tlTlpgvuj ^(Lgd&GiiLb. 

• Quflpnd(3j: 3D ^rrudludlGV Q&rrQdd) fruipuSlGtr &d&ppB®r>[B 2 - 0 /-lz_<si//A GrUipud gst 
3=d&rrpGv>p> ^(Lgd>&), (LpGsr(3G$rrrdd>l ^gvgv^j iSlGirQGsrrrdd) GtlTlpgvuj ^ppu upGsr (ppGVppLD 
QufipBrrd&GLiLb, dldilprrd&GLiLb (3)ujgvild. 

• &mu: 3D ^rrudluSlGV GrUipudGsr &d&rjd,Gis)3) ^(Lppd) £g)/_ 0 / ^jgvgv^j gligv^j ud&LD 

&TULpGV)LU ^(Lgd&GLILD. G^QlJ QtBjp^lGV £g)/_0/ LDpiQ] LD (517(51)0/ SrlLip Q U Gpp rTGST^GDGfT 
^0000/(5170/ frULpudlGtr &d&[T[BG$)[B cjy(££00/<5170/D0 &LD LD IT GGTp[T(pLD. 

[BGirffil Q&ffioSliJLi&m 

1. RobotBenchmark - Online Robot Programming 

(°£)pQprri_fflGV ^@00 &,u(B)Gv>rr: G&®S)<oiid) prTGsflujiziSil&m (Professional Service Robots) 

1979 ^t,LD ppGmipGV s^QLDffld^rrGidlGV ^LpGVTp] g$)ldgv <§><51/ (Three Mile Island) ^L Gmi lDggt [^Igvgvlu <5i5)u00/. 
&&)[?lLud&LJ Qurr(pu&,GS)Gnd g$)&uj nGYrd^Lpiu dlpuip GirB^jGir 2-(iTjGijrrd&Lb. ^)<o5)00 QprruptB^J 
QpBrrLflGV&rrp 0/z_7z_//7<5i/ GTtB^lpGir^Grr, urrrrGv>Gij u5)i_gv GTtB^lpGir^Gfr, &gyt GjrB&hrrGST&Grr, gu rripdGv&LurrGnrr 
G&gvgli GTfB^UjGVT^Grr, a=rrd(^ gvg,lug(gtF)Ld gt[bS(ig3t<5,gtt, Ggugytggmt sipS)rrGsr&Gn, g,lT(b)ldgggt glibS) rrGsr&Grr 

(°^GirG$r z_5)/d. 
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Robotics 4. G&asxsu <oTr 5 $ 5 lfjGsr&m 


Qp<o$TfQ] <S 5 )LD<sb $< 51 / (Three Mile Island) 

1979 ^(smuj-sv LDrf)d&rrG)Sl(5V ^gst^j gtdldgv $gi/ ^i Gmi l^ggt [^Igdgvuj^^Igv Giflupg] &6)rfhud& 
Qurr([ijLL&<ofr fig] g>51l1i_ggt. Gldgv ^gyt^gd^u u rrrrG$)Gu u5) l_ ugv urr&jj&rruLi 

(j^GirGGzrtDurrQ&Gfr Q&ujgiQ&rrGm® * 6565 /i) Q^lull/ld ($gug$)gvg$)lli^ Q&>rri_rd&, (LpL^fB^^j. ^GzrrrGV 
^LP6565(SY765^)q5]0/565 rfjl6V 611 £$)[]) 6$)ILI U Umjd& ^UJGVG)Dgi) <55)60. ^^GgU l 51 rrd& G$)GGTu 5) GGT U LDrTGMT&)£$)&> 
^GYTG)51l_d^L_ (7^UJGVG)51 gVG$)GV. 



Gfjnsuf (orrb&>)rr(oti)ii—<s$T < si 5 ) l ( 3 /_< 95 <£/t 


iS)id-Grvurf§>)GV 2 -Gttgyt &rrpGKr§>) Qldgvgvgst uGV&G$)Gvd&Lp&p&)GV 6i[B§)rrGsfiUJGV Gurrrrdrihurr glUgvqSUuld 
gTj]LK 3i_d&>rr &>G$)GVGG)LDu5)GvrrGGT ld rr gmtgii [)&>gyt (^(L^GdlGuj aS^rrhudau QurrQTjLL&GmGrrd g$)&uj rrGrrd&^Lq-UJ 

Gp([f) dljDLJL-i GifiS)rjGS)G$r ^(i^gu rrd(^LD G>GUGF>GVGmL/<d Qprri—frjdlGtrd ^Giid&Grr ^jru LDrr^Lb &®G$)LDiurr& 

2-G$)Lpp&ii (SrrrrGurr gigut) QuiurflLli _ &d&rj GjfB^lrrGDGGT 2_0 gii rrdS)Gzrrf. $)G>l<sb <^0 ssrrQGmrrGifl 

ui_d&,(TT)G)51, ^^{D&rrGsr lSIgst GiSlGrrd^^Gfr ld/btuld ud&sr&rrrr ld/bj^ld gz&gugv Q&>rri_rh_i arniSl gii i_rd&,GG)Gn 
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i515[£^jm 6)5i_d3rLpuj 333,6337363 Qu3(^^uui5l^([^[£^63. l56363[j ugo 3 (7)6)5366) Gnu/m 
37^633J366)6mLim @1puu33^ ^Lurrffl^^ju Glu3(7)(£S>l63rf. £g)<off)0 ^iuj.^63^^60 ^]pd@6)5L5(d) 
u3£g6)6uu5u6ii5\ 5333,66)63363 Q^iulugi/ld ldjdjb ugo U666fl3(^d(^m ugo ^663(5)363 uuj63u(£)(£S)l63d. 

[ 53 m (Lp 7)66)3,uj 3i5(£)66)rru560 urrrr^&jjGurrGV gt[£^763363 Q^3l^Iip)3366)gou5go l5it)[£^66)6u. (j^(it>u l5gui m 
G3,3 l^go^j i5u 53g5go gGIgdjgu 33 Gjfouidu (Lp 63 ($637)7)53633 go G 3,3 7)3 3 66) go (3^ logo id (3, Qgu65u5go 

UGO 5366)603(63,3(3) 6T[£5£l fJ63363 GU[£ 0/ 6)5idI 63. (°^66)6U <S>I (7)6U (7)LJ U363, £g)/_/7/i!>)0/50, <S>jS)l3 5[5 [Tl5 

GjQd&d&^Lq-iu LDfDpgjLD ^(jpmu^^^mud Q&ujuj 56U663upuj 5 gu 66)G0366)63 ^uj[j3mGb G)3 uj@g37)63. 


Q&(oIS)( 5U 6T[B^lfT63 GU66)3363 

• QprTLflGb&nif ^jul/ugii 6rr£G>l063363 (Industrial Cleaning Robots): ^]66)6u Q^3Lflij)3366)G0 ^635363, 

@ i_ 5(3)363, rrrd&rd&Gn, ^goigu60331363. 3366)60363 ^@77607) 66)7) 

3rd)<3)11) Q&UJUJLJ U7J63U(£)@637)63. 

• urr[TGS)GUuSlI—6V 6T[£^I 063363 (Inspection Robots): mGsflpprrGV 2_ 6rr563 Q^gst^j urrrfd&d 3up63m363 

^JGOGO^J 391 666)1 3 333)S)l7Jm7)7) U (3,5)136560 [£5363 U 3 J3 3 (3(517 666r(£)m3? ^ U U Lp77 366T360, <S£0 
u3066)6uu5uGb gt[£§)Ipgst 2_53(63>d(3)(£ 53>66)6 u. (3, Lp 3 77363 m/p/rpm m3,(3 ) 363, 30533 @ Lp3UJ363 ; 
GU 1030 66)63 (3)Lp JlLJ3>GfT, mij 6)5@36563 djj) £_6363 66) l_Q 6U 6@ 363 00@7J6U7)66)7) U3066)GUu5id(£) 

^LUGl/ Q&UJUJ ^j66)6U U 7763 u(£)@ 637) 66T. 

• &0d(9j 66)&ujrT(@njm 6rr£G?l06&r&6rr (Logistics Robots): @1—5(3,363 mjnjQjm U663i_3 3366)603 g55 
303(3,366)633 66)3>uj jgttgli m, ^[(@d@ 66)6U3360 l 5, GrQpgjd Q&rrQd&Gi/m ^gdgu (Lpd@ujm33u 

u ujG6T u(ddl66T7)66T. £g) gj if)66) IT) d> 3,366?l 37 5 (3) gu lj5)33l5l _ z_7/_//_!/ _ gu 666TL0363 (Automated Guided 

Vehicles - AGV) 67637pm G)33 go@ 7)30363. ^jG6)Gu 3,66)335(6016363 533(@363 ^gogo§j 3l5l5366)63u 
z_5)(o5rS)^/7/_0/i). GrjLq-Gujrr <s*l66)6V&6fr, 33[£^5363 ^igogo^j dQ0365366)6330 m 6ULflGl3G0i33Gpid(3,u 
U7763u(53)3,603 5. L066)3U U l_3 3,(7)6)513,66)63 (ScD (51700/ U3066)GU (LpGOLD Q&GVGVim 67 [£S)10633(63) 5 
(517/50/ 65151 _ 66T. 

• 6U 3L0366)3UJ363p 5366)6U 6T[£^}066T363: G U (7)5 U360363 GU 310366)3773630 5366)6U 67 [£5)1063363 <S£0 
Q U 3(7)66)633 3663(£)l 5 I0U uS)l6b ^606030 U666fl66)LLI [£166)7)611 Gl3=ILJGUS)6V 6U310366)3 7J36303(63,3(3, 
2_0<517L7 UUJ63U(£) 00 UU(@@6677)667. @1606066)7) GU666?\3,d > < j)GO ^jG6)GU @7)U L0 m7)T]jm U 60 Q U 3(7)63 
^733,316^3,6$ GO ILC), 6)5 (7) [£G 3,3 id U GO 3 ? I66)7 )u5gQI id 3,61/@637)63. 

• <9>6fT 6T[£§)Iu<sif<9i<sfr (FieldRobots): (s^gdgu 3rrrdj3,dj3,G3, &3(£)&6rr, 6uuj6uGl6U6dl3,63 Gu36stt) 

3,rr(£)(y3JI_366T U(3)S))3,6dlGO GgU66)G0 Q&ujuj gugogogdgu. 

• (3 gu GrT3666r gt[£ S)tj63& <sh (Agriculture Robots): G> gu 63366366) mud go Glu 3^j GU33, ^7 ^jgug6)i_, 3,3iu uLpm 

Qu3637)GUT)66)7)u U7)13)3)GO, 3,66)633,63 3,Ld(£)UU3(£) ^>j)@UJ6U7)7)]d(3) 6T[£§)} J633,6fT 
U UJ 63U @00 LJ U (£) Si637)63. 


• <S5i_l(5)i£/7W 6T[£Gil!J63&6rr (Construction Robots): Qu3gj6U3& £§)/50 6T[£S)rj63&63 <syu3UJ&rjm363 

m7)311 id 6170/5§5 2-66)Lpd(3}ld U666fl3,66)633 Gl3= ILJ@637)63. (Lpd@UJm33 ^66)GU 3)3,53)3)60 
G)GU66)GOd(3) LJ UIU 63U (£(£3>UU (£) @637)63. 2_66) l_3)3)G0, Q 7)33}]33,60, 3)]66) 63 ($U3(£)3)60, ^63(63,3)60 
^ @LU VdGU66)603,(^3)3 (3)3) G>3)66)6U UJ363 66) 3(ip 66) 63 333)6333363 G U3(7)[£3)UUldl3j_(7)d(3 ) m. ^6S)6U 
U3£d)3)3GO 6U36)5 ^3Lfl (excavator) Qu365(3)3(3)15, ^63360 6^ld(@63£ ^(7j366)3 ^)( 3)3333jj. 

[ 53 IJ 66 ) 6 U ^J 6 fT 0 ^m 


6T[£d))IJ66fl63 663[J61136)5GO Z_fl<95<51//i) G)U33jJ6U3633}J /5c55/J(51/ U7)7)lUJ 2_663[J6U3(3)ld. ^0/7(5170/ 3,63 G)cJ/7/50 

^77333)66)3)3 366333666^3(3,15 6T[£6) fJ6sfl 63 S)l7) 63. ^3>7)(3, 6^0 6765UJ GU GU 66) Z_D LI /_/ 3)J66)63Lid id L_ 

(3)75 UJ33@ 333 fj 31366)6)313 (encoder wheels) UU763U(@^^J@p§J. 333[jd)d)\63 6^0 L-IJD[£6)l6b GTGb.^j.LGj. (LED) 
6p653@7) 31 • 333(7^^63 LJ) 7)1 l—j7)3@GO 6j)(3) 6 ^g 5U-[6635 (optical Source-sensor) cz^/00 6p) g533 66)/J U 
Quru@7)§j. 





(^irdhurrdd) &d&ij[hi&6h ldpo^ild QsrfliijGmffl&m 

(5TrF>d)lij(o$r <of)(Tf) (p^plu iS1l2l_ g^rrm p&pijLD Gurr§], §j65)GuuS]lLl- tfd&sjLD ^pruGu^rrGV 6£Gi?l65)UJ LD&n/Bd&ljD^j. 
Q&rrtGj&LC) rB&firB^iSlGir G^Gtfl SOq^LDUGipd) QprfhuGUQTjLD. &6&sfl&sfl £g) ldld rr6)l ft &d&>tj frLpifidhfilGir 

^ LpU U65)l_il5lGV GTGlJGUGfTGp ^ffJLD rB&prB&i&jJ 6T65TU65)<p>d &,655fl U lSQ) Q&IUIU (LpLpLL/LD. <oT@^^«c95/TZ_!_Z_/T<95 

2_rd&6n (^djliLirrdS) ^darr^S^GV &LD ld rT65T (°£j65)i_Q6UGrihj5]6V 20 <§)0/5^™3 G^GuGlGurr^ 

^jGDGnd(^Lb &d&>ijLD 18 urr65)&&Grr (360 urr65)&&65)6n 20 ^t,GV Gut^d,^) frtr)rr5hu§j gtgstu 65)p,d (^ffldShpgj. 

^@65^/ tfd&ljdt&lGST GfilLdl_d>G$)3) G5)Gud>^j 67 G)J GU GfT Glj gfltJLD 6765TITJJ LD &>655rd<d) L GVI7LD. 

(^LDLDrrdilrfl (^phurrd^l &=d&rr(LpLD G^GifhLjGmfliLiLb ^gy 6 5 ) [bgKgst^ Qp,rrL^GV^j l2.u ldgvgv. 2_rd&(6n ) 65)i_uj &>cssflssfl 
3 tl2lci_li5) 6V (mouse scroll wheel) frififruLD GfT6S)Gud &655fld& ^gdguGuj u\U65Tu(dd><p>uu(d^G5TfD65T. 

rsdrifil QpfioSluLi&Grr 

1. Scientific American 

2. DroneBot Workshop 

^^Qprri—fflGV <^(h!)d>&> «/ 2 _( 5 )( o 5 )/ 7 : GT[5$rjG$)G$r rglpeb GT(Lgfgl Qujd(^^<5b 

677)d) fjGST 65)d7>d7>(&j rfiltJGO 67(L£> <3jl LD GU 65)d7>d7>GfT. 6 F>JT)lSI GO LJ &)<!7><!7> LD (tecich pcnclcint). 677)d(IJ 6^D GST 65) LJ &) I7G5T 

G) LD 17 LjSl ifil GO [fljJGV 6T(Lg)6)l (°£jILld(^^GV 65)&LJUllSltfid). G5 )^l6K3uJ fT 2 GTtB^l[765?]GST £g)/_<$ « id. (J) LJU /T® (Thymio II 
position control) 
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Robotics 5. gt[bG>IFGS xssr r£lij<sb OT(£p® £g)/7/<95(00<so 


(§055)517/7/6557 £g)/7/665/37655i®557 gug^jujg^jpgduj (7/3557 557 (§/j 0656®00/5i®/J_/_65O 570®/j557 7055^00 055)50/7®® 
^GVGVfTLDGV ^GUjf) 55)06 06//6/T7 (LpLZj-U-1 LD. ^GZmSV pLD<d(8jd) (§0 55)517/7/6557 ($GUGZ)GV Q^UJlLjLDfT^j 
<s>i 55)707655)76 ^ 55)/_/7/65670 65557® LDJP^JLD 00)767®/_i® 517 7051/55)7000/ (//35576^/_i/0(§/7/ rfllJGV 57(7£)0 
(§51/5557® 7®. <oT@G5g]d&rrLli—rr&, 57®00/ 55)51/0050 (pick-and-place) (§51/55)50 Q&iuiLjLD <ord>d)l[ jg$t 55)6 (//3 55) 557 
66055770 (end effector) 57000 (§0600 ^gdldg)51gv £g)0665 (Sen /5557®to GiGmipj /5/7/i) (LpLpGij 06//60/ fflpsb Gi(Lpp, 
(§5175557® 7®. 


€775®/7<S«F <53)65(950 tffu<sb 57(7£0/7O <51/<53)65<9557 

flfJGV 57(7£)0/7O 51755)66(5060 57®00/65667®/_ 66 570®/7557 55)655)/7/76 (Robotic Arm) U rrfuQu rTLD. 0670 

(7p<557(557(5/7 766/7000/ (§76650 £g)0/ ©06/^®500/55)0//®50 t/®65i/to urrGUGvrr&u uujG^rudf^uufldjB^j. £g)000 

/5/7/i) 7650 ®55)5065Y®50 flfJGV <oT(Lg)^GV 670. 

• r£}<oS)<so rflpGvnd&LD: Gif^irrG^r g$)&,u 5 )gv <s£<si/£)<siv/70 ( 6 /)/J_® 650 to ffiud&LD, tffesxso ^diu 
^ 70 76 76 55)/_ 6 06/7/<51)65(55650 ®/J50 (oT(Lg)^GV 670. 

• UGisisfl rglanoo rflpGOnd&LD: (Lp(Lpu uGmfl&G$)Gn(Suj rr ^jgvgv^j 0/55)555775 uGmfl&G$)GnGuj rr gp&stjdgztiSI&st 
Gp&sTjprr&d Q&iuiud Q&rrGVGVGvmb. Gif)f^jd&,rrXi_rr&,, £7)51/7577 51/555755(577® y ,6 ^® 00 / uGVoSlGDGmu 
(q) uL-isp(o$)Ujd) (gearbox) 0060 . 

• 570® £7537 [£l<Sm<S0 [£)IJGOnd&LI) 2-lLlf LDlf-L 6)£5)(51) 570®/755®557 ®55) 50666, (§0660 /£)(55)(51)65(5)7 7000/70, 

(§0 55) 61/75 75 7®/_650, 61®6675 75655)0656 ffl fJGO rrd<EF>LD. 


<£/Dl 900<3O Ujbd&ih (Teachpendant) 



U&)d<EBLC) 

&,f)L5]fp>GV U<3)da,LD (57(557760/ 65707® (J/0)5070 66 (§ 61/6 <^50600/ 65707® £g)50(50/770(3(50/7 570®/J55)(557 £g) Ujd 65(517(51)(51) 
55)666061®. X-Y-Z ®55)666y®50 570® £755® 557 55)6555)(7/ 5751/5176661/ 0/7/770 06/J00 (§5175557®70 575570/ flfJGV 
57(7/30/61/0/ 6555770/7557 (§51755)51). 607®005O 7J065657O ((7/3607/3 0/770 (§055)517/T//75570/7/770 065/70® ^/55)076 
76®51/ G)6 : //6(§0/770 575570/751) <^55)0 570®(7557 ®0757®6 06/75/7/ 5175051)0/. <^0/75170/ 5^51/0517/70 ^iddlGVI LD 
0/770 065/70®/7/ 0/^/7/576555)666 655576®/®.®, 0/770 06/70®//5 76655)055)(7/(7/70 766/700/ ®/750 2_5557Z_660/i. 

7®557557/7 070600 (§055)517/7/6557 (§7660/ ^00 ®/755)51) 6£ 7®/</_557650 ^65)0(§/7/ ®070766 0606(7/70. 
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<oTp§lrj<oto<ssr <oS)u^rr<dr QLorTLfiluSlcb rglpob 6T(LpS>l f§jujd(gj$<sb <sis)&ljuu5)(d@ 

(oT[b^u^ir fiEpGXTGYTGfih—GV (Robot Benchmark) GTGirp §j[bp (^GinGmuj pGnp^GV pmE Qm^irQurr^m gj^jlE 
flpjGu rrmGV uuflpdl Q upscrriE gigzt (LprBG&piu &LC(fG$)rrifi)GV u rrrrpQprriE. ^Gupplsv ^rrGmi_rriE 
uuSltn®. (Lppsv uuSlpdlGmu Q&iupiSlGir (g^Ginpd Q&iuGupj pGirpj. 

“RobotProgramming” GTGirp ^]tBpu uuSlpd) <s^0 GTfB^IrrGDGsrp p]GV®ShuLDrr&d (ppl u iSl lCl_ ^i_p^lp(p 
lB&fppJiE uudlpd). (LppopGV GitB^TTG^G^rd &lL(b)lju(b)pp]lE rfrjopGV GTGijGurrpj GpGnGuiurrGsr Limpprd&sn 
Q&ujpj (S&Lfiluugj (5J6$tjq] &>pp]d Q&rrGn(SGu rnE. (Sldgvild Gif^l ijGS)Gvrp Qprri—d& (gfi—p&^Gi 3 Q&rrsm® 
Q&Gtrpj, pmE LDrrppl ^GS)LDpp rfrrGVULy g^lE ipp (SpGDGuujrrGsr (ffi—pGnpd) pjGV®ShuLDrr&d 
Q^GirpG^fiSlpprr GiGirpu u rrrruGu rnE. 



<5ir>8)LSK£ujrr2 GTrEdlrrsymE (^ovd^iE 

^LgGV rflrjGV Qprr(pu iSlomup SEpd&Gi/iE. ^lEl^uSIgst GUGvpj Q u rrpprronGsr <3gLgd>ff (SpnGirpjiE ulEl^ujqSIgv 
“Edit controller” Qpd^ Q^luujg^lE. G7[B^rjGS)GSTd &lE(b)lju(b)PPJiE qpgv rfhjGV Qprr(^uiShSlGV ^Ipd^iE. 
6^0 GTQifUu Gnuprr&k rfhjGV. flrrGDGVp fiE(pppGi]iE: 7 ^lE GufuflGViGfTGn LDrrphid&sr (variable) ldS)ug$)u 0 
GJGEu^lQpQ^fBpJ 10 (oTGirrU LDrrppGLILD. Q-fhJ&GtT rflrjGVXSV (S^LSld^ Ctrl+s ®D ^(LgppGipE. 

“Play” Qurrd>&)fTGV)GVT ^(Lgp^Gvrrrd) gt[bSEijg£t f§\tj(sS](sb (ppl u l51 iEl_ pffrrE g^QElE. Q&iuGV&>lpGir pppgCgv 
2_rd&,GfT LD^luQuGm u6)gli Q&iliujljuOElE. syGurf&Grr Q^rr(fpp (°fji_pS)GV piGVGShuLDrr& r£lpup&)GzrrrGV 100 
ld&DuQugmt SlGDi_d(pLb. (^GinprBp LD^luQuGm SlGS)i_pprrGV ^jgSIgv LDrrppiE Q&iupj, (S&LfilppJ 
§)(g) lE u gl/ld GpiEi_GvrriE. “Reset” Q u rrpprrGDGsr^(LgpdhGsrrrGV ^(piEuGijiE uG&Lpiu ^i—p^loSl(p[Bpj g^QElE. 

g^lLl^lj u rrrrd(piEGu rrpj (LpGS)Gsnup^lGV dlGV QgugEI uE(E^Gh gii^lE. S-fhi&Gtr rfrjGV &rfliurr& Gp(fd]pprr 
GTGsrpj tBGVGV i3gEgs)[jlEi_iE Q&rrfEEd&d&^tjEiE. u u lEgs)i_u51gv “Console” GprrGii Q&iupj firdj&Gn 

(LpGS)GSTiud>GS)a)d> S>lp[BpJ $)[5p QGUGrrhiffE&GnGnu umjd&> (LpLyiLjiE. 

tBmrSl QpffioShjLi&m 

1 . Staubli RX-Paint robotic arm teach pendant - Wikipedia. 

2. RobotBenchmark - Online Robot Programming 

(°£]pQprri—(flGV snQEpp &lE(JEgs)[j: &^lE(^(Sgugs)GO <oTip§liJ<s&T&<SfT (Collaborative Robots or Cobots) 

l blE ( 0 GUG$)Gvd(£p &>d& flpjGdl ^[gdldppgv GTGrfipj. QprrLjEGvrrGnrr u rrpj&rru L/darra gEUgid&lj iSlGzrGpmEi—iE 
(force feedback) LDppjiE (SLDrrpGV pGfUrfuLi (collision avoidance) pfdluj 2 _gyt Gurry [Bp ^lE&rdj&GnGrrd 
Q&fTGm(f GfTGTTGST. G)51 GV)GVILflE (pGV>pGl[. ^^QgU (ptQ], LDJDpjlE p(fppjp QprTLflGV rffpjGUGtTrdj&GfT 

ldS)ulE(jE Q&iuiuGvmE. 
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Robotics 6. &sllL Qgugsxso GTrsfSlrj<ssT&<srr (Collaborative Robots 

or Cobots) 

Q^,rrL^GV^jGDjj) (5 J[b 6)1 rr&k&m Qurr§j6urr& &>G$\ri&> ^lurB&^pry&srr gug$)&u5)gv ^. Gldgvild (°£jgs)gu 
lSI&> d> &jjrflpLDrr& ^]ujrd(^uGS)Gu. ^kGgu urr3^&rruLid&rr& QprrLftlGVgjGinir) gt^S^ rjGir&GinGrTd 3rjf)pl ^ldlSI 
gugdgv S)Q)ui_i GurrQGu&ii GULpd&LD. QprrifljD&rrGinGVifilGV (Sgugdgv Q3=iu ugu rr&Gn &>jf)Q& : uj6vrr& 
gt^S) rrGsr&GrrlGST ^([^^Igv Q&gvgv (SrBrrUd_i_rrGV 3,(p)GS)LDUJ3Grr g> 51 u^py&Gn rff&Lpd&xQLb gtg^tu^gGgvGuj £g)/5<5 
( LpG$rQG$rd3 : r?ldGr>& GrQd&uuQtdlipg]. 

&l 8 u 3,ggv^^Igv uuij( 06 )gu 2_lLui— ugvQgutu 2_(5Mrff]&<si?i6V L^Qlshm Q^gl^gv^jgdjj) Gldldlj rr(p)3>GfT 

3>rrrrGmLDrra l/§j gugs)3,ili ggst Q^rrySld) gjGnir) GTfB^lrrGU3,GfT 3=r5Gnp>d(3) gu [B^jGfTGfTGrr. ^gujbgdjb gugdgv 
3>LDlSld(3)U iSIgMGTTGGV 3)Gsf](GS)LDUGS)Gud3 5 (SGUGMTLpiU ^ GU d)lU u5) GV GS) GV. (°£jGS)GU GTGTU—lfilGV (°^GgV< 3tT& 
^([IjLJUg] LD ld_(p) LDGVGVfTLDGV Qp, 3L^jf)3 : 3GS)GV Lid GV (SgUGS)GV Q^LUIL/LD Q^rTL^GVrTOTT^^d^ 2_G)GfiU±J 33, 

^gu rr&imjd^ ^(i^dlCSGvCSuj urr3jj3rruurr3 Ggugvgv Q&ujuj gugvgvgvgu. ^gttggv (Lp g$tgst3 >33 £g)z_/j 
LD&tlUlJ® G)3lUGUGy ^GudiULD. 



<9^L@(3<Sl/<Stf)(SD (oTp^pGST 

[BLb (3}<SU<oS)<S0d(g)£ <5<£<£ fffgjG^I 'gl<o6)LL£&<sb GTGI^^j 

Qurrg] (5i//7c55 d &GmflGxfhi?!GV gugstQ u 3(3,GfT ldidtuld Q ldguG) u 3([pLd3GS)G3 rflrryGfihu iSIgst ^gt>ldlj /_/ 
GUi^Gurrd^id (configuration) Q&ili§j, t5LDd((S^3^33 3=fi Q&iug], iSlGtrGzrrr <5/7W uiUGiru®^ (LpupiL/Lb. 
Q&qijdl 2_i_Gsr uujG3u@3>3>d3^upuj QldgstQ urr^Gn ldjbjqjld l61gmgm gm)i gSUugv 333,g33J3gdg 3 ^rddlGV^^lGV 
plug-and-play GTGirrrp &^rr}]Guij. 

GU Lp33L3>333, Q3,3L^GV3yGS)3) GT[B^lyGM3G3G3 [ffipjGdl ^G3L3)33 dlGV GU GIJ333GfT yypiSjLD. yyjjGSTrTGV ^fB3)d 
3 ^lL(j)) GgUGVGV GTfB^IrrGM3,GDGn (Lp(LpG3LDlLI 33 plug-and-play GTGSTjryi Ol3 : rTGVGV (LpLpmrrpy. GTGtifl GS)I LD dlGV LDGttfl 
QtBprdj^GtflGV [ffipjGdl ^G$)LDd& GQlLIGyiLD. rflrjGV GT(Lg3>3> G3 >GS)GUu5)gVGS)GV. GS)3d3GttflG$fl (ypGVLD y^GS)L3)33 
(LpupiLjLD. ^GVGV3y 3^L-® GgUGDGV <oT/5 ^)IJGsFlGST GS)33GS)G3 3)133(3,3, (S^GVGU UJ 3G3 U Lp 3=fi Q31U3,] 

Q&rrGfTGrTGvrrLb. (Sgugdgv LDrrrflGtrrrGV <jy<5/D@3> 'd- LorripiphLiLl) rffjpjGdldQ&rrGfTGrTGvrrLb. 

QprTLfl6orTGrT[j3i(@ri)d(3jLJ ufT3jj&nuurrmGS )gu 
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06iv65)6i) <5J[b§) 1 rr&sr&dr Ggiv 65) 6U Q&ilksid&uSIsv G)0/7z^6i)/76Y7/7<55(60<550 (g)65)z_zz^0/ GrBcrmoGV 
£g)0Z_V7J00<55/7<55 ^9/61V065)075 <55 LD 7$61V65)61) 0 ® Z_V 7$ 61) 65)61/7575 061/6557/0 IU 0065)61V ZV$ 6)3 65) 61). ^ 61V00 tTSO 
65)/_ 0^0 /75 65) 6/7 6557/7 (LpLyiL/LD. LDGsflprf&m ^61)61)0/ ldjdjj) {g)65)z_zzj t 0/<556y$6i) Gtd/7065)61)0 &>G)frrd& 

06iv < 5575 65)0 065)000/75 Q&rrmoTTGLiLC) ^gvgv^j S^q^ldlSIu lSI&st ud&LD Q&gvsvglild (LpuyiLjLD. t^tI® (Sgugsxso 
sipd) rr&sr&m Q^rrL^Gvrrorrrf tj /70 /<55 /7z_vz_/ <55 < 55/775 6i$ 65) t'tj zi? 65765) /7zJ_z_ to (force feedback) LDf/rym Gmrr^GV 
06i$/7 LJLi (collision avoidance) ^dhiu 6)7 6 / 7 / 7/700 ^ Lb&rd&onmd G) 75 76557® mmssr. Gumpd t^u/_zzj rflonGVomu 

(Z/)657657/7$06i) LDJDJQJLD G)LDrT&>6V 061$/JT7Z_/ 7707$ 6)fl6U[JLDn& ^@00 75 zJ_ ® 65)/JZZ$ 61) <557655761) mb. 

oShss)# (force) ldid^JlL (torque) S-Gssrifl&m 

§ 5 )0061$ 65)7155 65)757500® (torque wrench) tjztv 65777 ®0 § 5)75 0065)6i/z/77657 ^6761/ tozJ_®0to §5)006i$65)7 : 
65)61/00/0 §5)0061/0/ 2_/3V75(60750 G)0/$ 0757561) 770. £|)0/61/TD 6£0 LD fT^I fil ILI 7657 §5)0 0(51$ 65) 7 1 2_6557/$07657. 

^(557/7(51) 0/(51)(51$ UJLD 065)061/. §5)0061$65)7 : 0770 <^9/65) 7000 (51V/JTDZ_/750 07061) Q&6XTJ])rT(5V 7$ 1077 65) 77 
61$ ® 61$ 00/ 61$® TO. 

7761) 0 (51V (55) (51) <55 (57$ (51) G)0(77/9 (51)0/65)0) 670^)/J657<55(60«0 61$65)0Z_VZ_/00 65765) TO (rigidity) 0065)61/7777 ® ®00/. 
G)0/70006l) 07776570 (361V65)61)<556Y$61) 00 65)61V ZZJ 7657 0/6061$ ZZ7065)0 <^9/65)/_ 61/00 0 £g)0/ 7Z$<5561/70 

^9/61V£)ZZJ7D7§5)00/. 6765f?65)/70, 0j 7p/# 65) 61) ZZ$ 61) 6£0 67§5)/J77 7/J70 70/700(370/7 ^9/6061)0/ 0Z_/B7<55(36V)/7 

(^70Z_/Z_lz_761) <^9/65)0 670 §>) (7657761) 6557/7 (7pO/-ZZ770/ 7000/70 <=9/000 6707J 0657 £g)ZZ7<55<55/3V<55 65) 6Y7 7D70/Z$c55 

G)<5^/76776)7 (//) Z0 Z/770/. £g)0/ 670j§) fJGIsflUJ 61$61) 6£0 <$ U/_ 65770 7657 7$/J<7£) 65) 657ZZJ7070. 

<7765707<55, 6£0 670^)/J657 <5^Zp61)0655765)Z_ 6^0 0/65) 6Y7<95 0 6Y7 G)070<95<95 (3 61 V6557® 70 676570/ 65)61/00/35 
G )<35 76 ) 7061 / 770 . 7777577356)7 (3 0 ( 765 ) 70 ZZJ/ 77 D 61 ) ^) 000 / 670§5)/J65T ^9/§5)35 61 $65)765) Z/7 77 77 ZZ7 65777 ®0 § 5 ) 657761) 
T7735/3V356)7 07070/7<5560/770. £g)00 G)070T765)T7 6^0 ZZJ 0 §? £735 65)<5561$65)657(0/7 G)7ZZJ076i) 61$65)7 <^§5)770770 

00 65) 61/77 77® TO 07770/ 6700/7 <56$ZZ$61)65)60 676570/ Z_//$00/G)<55/76557® G 0 (765)7065) 61 V 7/$ Q&UJGU rrf. ^GSTrTGV 
CT 0 § 5 ) £76577 (60 350 £g) 00 Z_V 7$65765) 7 zJ_Z_70 ® 65 )Z_ZZJ/ 70 /. G)< 55 / 7®00 07 / 70061 ) 765)617 G)< 55 / 7®00 061 / 70 § 5 ) 6 l) 
r£llJ<sS}<sb g^ffiku 77/0 G)7ZZJZZJ357n_0J_ZZJ65)61V. <^ 7061 / ^)65)0 6557/7 ( 7 pZ 0 ZZJ/ 70 /. 


4 



LDjo/ruLD 2-smfi GlurTQ^^^iiu 3^Li(^Geuetneo srpSilijeir 


20 




qS\<o 5)& iLjDtQjii £$([F)(&j®Sl<5$)& g_6rar/f) Qurr(f^0^luj &*.l .(^(Sqjgsxso < GT^pm 

GrddlrrGS)idc^ jGVGud Q&rrQd&d&^Lq-iuGinGu gAgd# ldpo^jld ^^^gAgs)# g-Gmrfl&Gh. /5<siJW 

(Sgugdgv gt[b§)I rrGM&GrrlGV £|)/70 2-Gmr?l&Gfr Q ucjkldu rrGpi ld ui_d)S)GV &,gmti_gu rrru 
Qurrdtj^^uuQ^&frjnGM. (^&>jf)&,rrG$T Gldldu rr(hj) Q&ujp Q ldgstQ u rr^LP^iGr^LD 2 _i_g£t 
guq])§>IgZt(dg5t. c FLBupS^GV g_*3(5U/TcS G)GUL-(h) 65^(515? (machine tool) <pmmfl lj urrGmj&Grr&Gm&rnld)udlGV 
^rb^iurTG^QGvQuj piumfld&uuLPi— &^L_(h) Ggugvgv GTfd^lijGir G)&iu(D&mld) ^Grhd&uuLPi—fyrrLb . 

G&G$) 60 U-ILD gj<Stf)/D<a/ 

&GffiflGtifld) 0 / GS)IT) uSlGV GJjf) UL^(i))GnGfT (3 LD LD UrrQ&GfT cS mjGMTLD fTa, 6)jDGST GUmUfF><3) &GtfflG$f]&,GfT 0 (SS)/Q /50 
GlS] Gift GO uS\ GO I LD dpliU ^GYTG^GVILD ffl GS) Z_<95® GGTIDGSr. GlDGVILD GT^S) PGsfllLI ®S) GV &l£u£ 5&>IGV GJtDUL-L- 

Gldldlj rr(hj)&GnrrGV ^[B&>d Ggugdgv GTfF>^fjGsra,Gh (g^D/D/565 g31gs)gvu31gv dlGS)i_dSlGsrjr)Gsr. Gldjd&^&IUu 

rBrrQ&GiflGV <s ^0 QprrLfiGV&jGnir) gtp&)ijg£t Gurrrddl /$/p/<si 5)0 <5 lurrrf Q&ujiu <s ^0 QprrLplGvrrGYTfgjd^ ^jGm® 

(51/0/_ ld Q&rrQd^LD ^lduguld ^gytgli (Lp&>G$(§) Q&iuiu GrBrflQi-b gtggt^j 000/ ld6)uu rr&d Qo=rrGvdljr)rrrr& gtt. 

^jjGtmGV <^zJ_(5) (SgUGVGV Gift) §)}fj GST & (GTF) d 0 ^j^lGV ^LpGSTplGV <S£0 U thi 00/7W (Z/)0(5Tl) @ Q^GS)GU LI U ® LdQ U fTGV 

Q^flSljD^j. 0®g/j/765 LDnrt)lGvd)d))GV Qip&Gu ^jiufb^ijLD piumfldc&jLD GpoB dhpi rflir)iGUGff<p<pmj &^Ll(h) Ggugdgv 
<oT/5@/7w Gurrrddl rflipiG)dl (^ludc&jGuprrGV GTLDLDrrS^du uiugh @^z_<%£)/D0/ gtgstit)i ^)d<^d &>rrQGmrrGtfhidlGV 

qSI Gfrd 0 Si no mj& gtt. ^^Qgu 0/p/, d)rru LDptruLD 0@00/70 QprrLflGV rOlirjtjGUGnrd&GfT ^lP^Ggugdgv 

GTff> 6)1 !JGST<3,GT>GTT &>fh]<5,GfT ($GUG$)GVd(& ) ^0/_D/7 GTGSTfQ] LdS^UlS® QlUUJGVfTLD. 

rsdrifil QpfioSluLi&Grr 

1. LBR iiwa specifically designed by Kuka Robotics company to work with humans - Wikipedia 

2. Photonics Media - NORA BERECZK1 , OPTOFORCE 

g)^G)^/7/_/i?(5i3 ^@00 &lP(b)gs)ij: (Sloit^gv poSlrfuLi (Collision Avoidance) 

LiGts) ijG) i gstG) uijd gugmtlq. (Braitenberg vehicle) gtgst jr) gtgi?Igis)lduj rrGtr ^GS)i—LLj y nr)i &>G)dlrTLJLi (obstacle avoidance) 

r£l[TGV GT(Lg<9jj ld G)51 GDGsrd^rrLD. ugvgugit>& Q /£ 0 /si«(55) ld 2 _Gmrfl&GfT (Proximity sensors). ^Gni—U^fru &>G)S)rrui_i 
gd&u uudjrjd. 

(gjffiluLi: &,i_P(i))Gnrrii5)GV gu^ld GS)&uuii5}pd)GS)UJ Q&iugj urrrfd& GDu^&^rrGsr rflpGvQLDrrLpI g^ctgytgli 

O^/j)/5^)0c55c55 GGUGmQLD. 
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Robotics 7. G>L£>rr£ 5 <sb poSlrfuLi 


u<ss)[rQi—<sirQu!jd Gumwisj. (Braitenberg vehicle) 

u6$)rrQi_6$rQurid GUGmuj. gigmu^j ^^^rroShud &>(ssisftcsfl GUGVGpipd gu rrGVGMTLpGGmrr u&nrrQi_&kQurid <^0 
d [b^gdgvtu udG&rr&>G$)G$Tu5)(5V 2 _([ij 6 urrdS>)iu <$000/0. (^Gini—ii^frn&Grr 2 -Gltgh (p^LpoSlGV g-Gmrfl&GiflGir 
2-£G)5hLiI— g£t GUGmL^. ^GirG^fllud&Lorr&d Q&gvgv ^ ipu ug$)i_lu rr&, 2 _GrrGng]. ^^Ggu £g)0/ GiGiflGnLimjrron 

^jGS)i_iL^iru ^GidyuL-i (obstacle avoidance) filpGV GT(Lg^jd G)d gdG srd&rjLDrra ,lj (algorithm) u iugstuQ)S1j])^j. 

£g)0(JS7 GJGuflGS) LDLLI [TGST ^GS)LDG)dGV u 5) GZT& GV LD (photo Cell) QufTGVTfD $(70 fTIJGMTLD (7 GST 2_Gmrfl&G$)GrT (S 0 fJLp ILI (7$ 
&d&prd]&(^i—GM ^GVGmd&GvrrLb. gpgijQgu rrru a=d&rr(Lpd 0<ssft lSIgvtg^Igvio 1 ^pGVid G^rripuj rr&, 

(^Ujd&UUI—QGlJGmQLC). GTGVtGgU ^GmffhlSlGSlQ^fB^J 0=L^dGV)(G^&,GfT &lG$)l_^p>GLll_GST &d&>[J[h £_/_(J57/0(L/[7$ 

^&)Giruuj_ £§)(/_//5V0/A fdfTLD (Lp gZtQG vr /70 &id(h)Gir>uudGb u (T/J00 2 -Gmij, Q&lu GTGSTfip <otS)ijg£}gis)G 5T (reactive) 

(lpGS) iT) GTd&lijGzfhuGV &(rF>d® m g$)gv (paradigm r£)G$)GtTGLi&^frufr]&Grr. £|)0/ gtg/t1gis)lduj rrGtr G)dGis)Gzrd<9 : pLDrr& 

(^(ipulS!(o5)lLD ^p,GSTULp GUGMTLp Q&GVGU GS)p>U Umjd>3)fTGb Ldl OiGL/ d dd&GVfTGST^[T& LD id® LDGVGV 

^/t 5 )<si// 7/7000/7<$<$ a*. z_0 G^rrGirpd&^® id. 

Qr 5 (ri)fhi&Gts)LD S-GSSTjfl (Proximity sensor) 

QrBQTjrd&GDLD 2 _Gmrfl gigstu^j (SrBrrip-Ujrr&>^ Qp>rri_rrLDGV ^(k&Dgvigytgyt Qurr^LdaGrrlGsr ^(ipuGDud 
&,Gmi_plu-iid 2 _Gmrfl ^0/i). Qrbtjpd&GmD 2 _Gmrj) Q umidu rrsvi id 6^0 u^gwo, rrrBp>u ipGVid ^jgvgv^j 
u5)G$r&rrrBpd &6)pGddG$)<9 : (^l^ddGu /_}/_/ G u rrGtrtr)) 2-u5)Lp§>lir)§j. ^[Bp>u l/gv^^Igv ^gvgv^j 6)(i]jidiS) Guqjjid 
&u5)dG$)((oiju5)GV LDtTjpjDfhj&Gfr Q-GfTGYTGsrGun GTGZTfrjj &ffl urrrrd 

GTtF>&)Lj Qurr(iT)Gir>GrT 2_Gmp (LpiujpdddlGjBrrGujrr ® 00/57$ <o&)z_d 2-GmrfhidlGtr (°^Gvd(£ <o7w/p/ 

Q&rrGVGVGvmd. ^GvddlGd^ gstgis)ldgis)lulj Q u rrjpjd,^ QgugijGguipj 2 _Gmrfl&G$)GrTU uiuGzru®^ 

GG)JGmui-u5)(iT)d&Gvrrid. &rrGirjDrr& ^]Gvd(^ QrB§>)Lflujrr& £g)000/76i3 uSlGtrGpdd) (capacitive) ^gvgv^j G^GifluSlGtr 
2 -GmrflGmLHLjid ^gi/0/ 2_(3 (Si;/ 7 <$z_d/ 7$ £§)000™3 lSIgzt &jf[Gmi—GV (inductive) 2 -GmrflGmLHLjid ULUGdu®^p>Gvrrd. 



^Ip^Gud^GlflGO 2_<5YT<5YT (S£ Glfl llSllU <sSl <SV GgUGSXSV Q&UJILjid Q00/57<95 (S3) LD 2_(SW/$ 


G^GtfluShuGV g-Gmrfl&Grr G^GuQGurrQ^ 6)jr)GirGudd(&)id Q0/7/_$$0^q5)00(30 <s£0 ^ gu d uj ld rrGxr u(&)S)ujrT& 
(°^([ijdS>)GirjDG$r. umGVTrr&GfT Gu&TGu&>d)&rr&> S)jr)Gir GudGmu pry&Grr &rrgjd&(i]jS>)GV Q&rrGm® Q&GtrjDGpi—Gir 
d) gs)ijgs)uj ^GV>Gmda,GLjd LDjpirpd Qp,n(^)p,GV Q&ujgvu rridG$)L_ Q&iuGiSlLpd&Gpid gulj 5I Q&iudip&j. 

Qiani—gUDi pefljjULi (Obstacle Avoidance) 

(gjnUluLi: (g£j[ 5 &)d < 9 > id(i)i g$)[ judl gv ^gytgyt GV>&uuudd)dGV>uj Q&uj&j urrpd& GV>up>rrGd rflpGvQLDrrLfl G^pGYTGp 

Qprflr5&)(i])ds 5 GGUGmQid. &Lq.GmDrr& (j^fjhdp>rTGViid (Lpiuirjd Q&ujgj urr^rd&Gn. GujGVid ^jprudQ^rrGfrGrr 
£|)0/ 2_rd&GV>Gn ^Mid^Gdd^d. 
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(oTipSjlijGir 6j}fD<5KT<5YT(5)51i—(sb (Robot Benchmark) GiGirto ^j)/565 §)Gvxsmiu ^gyt^^gv pmo (Lp&>GV ^pGm® 

Ulfiltr)&)&(51S)®rT& : Gl^FlLJ^f)iSlGSTGSTTJ (°£jGS)&)d Q&lLlGUg] lyGSTfT}]. GVUOjTTGST ftTJGVTtd&> QLDTTLplGS)UJLJ UILIGSTU 
gs)&>liTGlli rr 2 GrddlrTGS)id(&> G^GS)i—U = j J frii&GS)GYTd &>G)S1 rru u6)gv SjIjdldul- Q&iugvuQld ul^q^gdjd^g^gyt 
2_0(5i//7c550(5i/(S^ ^tb^lj uuSlipdhiSlGsr GrBrrd&LDm^Lb. ^tb^blj GuTTL-LspifilGV Q^ujgv^Ijdgst &rLimrr 36 

Q^rrisp^Gfr ^,(^ld. fird&m (^gs)&> lStd q^l^llildg ^jgvgv^j £ g )< 5 / D 0 l6)& 3 &> (j^L^iqmrr 

gtgstu^j^ggst &guttgv. 



g)<S3)Z_t^£/ c$(S>S)/7L/L/ 

^1 gs)jd udl gst <5rd)lfjd <9 t6u( o$)fj &^.iLj-UJGu gstij G)dl gst ijgu ttjl> gttb^Ijgst ^gs)i_uj GgugsstQld. ^Ggb GrF>ijd,&^d) <ef,gs)i_&gtt 

^GS)GSTd>GS)<L>U^Lb &>Gfi\\jd&> G GU GSST ($) LD. £g) GS) l—U^fT}] <95 GfT G^Gl]Q 61//T0 g>/2_/ <95 §>)GVILD @TJfDfD GUGS)&u5)gV LDrTirjdjl 

'SyonLDd&u uQld. (Lpd>G5)&)UJ GpLLi—frj&GiflGV umjd>£B ^i_d&G$)GrrtSyQpp GpL^i_rd&Grr]6V 
uujGMuQpprrLDGiSlfgjd&GGij j^r5&> iL/d&>l. GS)tnu51 gvigytgyt gttbgb <s^0 ^]GS)i_gpiru Gldgvild Gldtt^Igstttgv 

UGSsflGVUJ (LpLq-LJLJ&>lGV 2— l GST Dp ILI fT&,d G&>rTGVG)51 ILI GS) l_[B&>&> G^d <95 @£LJ LJ 

GrBfjd)G$)3) GTGu gu rrfru (^gs)jdlju^j? Ggu&jbgstjb ^S^&uuQ^SjGvrrLb. ^gstttgv <syS)l& Ggu&^S^gv &>gs)i_&,gtt 
Gldgv GLDfT^da^L^iu ^i—d<sy&>l&LDrrd)tz)gi. ^&Ggu <^/</5/D0<5 ^(^TB^rrifiGurrGV ^-Gssrffl^oiflGsr 
Q&iuGVurrL-G&i—d&rfl Q&ujuj GGUGmQlLD. 

Gldgvild tbld <sod (g gttbgbgb SilGin&ifilGV ^([Tjdd)ir)§] gtgstjt)j pLDd(&jd) Q^GiflGurr&tB QprfUurrGfilLli—rrGV / 5 / 7 /i) 

$5Igs)& pQLDrrd)! 2-GrrGGnGuj arporfild Q&rrGmLq-([Tjd&d &^(^ld. ^&Ggu GnpuSlGiurr2 GTTBS)ijGsflGV <s^0 

Qurr@£puuLL®GfTGngj. (S)cjku l51gs)i ld Q&rrQd&uuLh— rfhjoSlGV ^gsijb gtgli gu tt/tu 
UUJ GSTU (j)i d>^}G)J^j GTGZTfrU Q&TTGVGVG)5)GVGti)GV. ^)(o5)<9 : <95/7Ll^.<95<95/7(o570/^)/<950 [fl TJGV ^GsfUurT^d 

Q&rrQd&LJUL^QGrTGYTg]. $)<5S)tB fird&Gn G^bgdgu uj ggstu nj_ G&rjpgjd Q&rrGfTGYTGvrrLb. ^(oS^^/tlIi^. ^tt^gst^^igst 
(L p(Lg ^GUGmrd^iGTFfd&.rrGGT ^gdgsstu i_i ld Q&rr®d&uuL2®GrrGrT&jj. 

tbgmtSI QprflG&LJLi&Gtr 

1. The optical proximity sensor of a smartphone by Pancho507 - Wikimedia Commons 

2. RobotBenchmark - Obstacle Avoidance 

^^Qprri—fflGV &l2(b)gs)ij: jp&tjGif G?)lLi—lSI 1 <st> (Motionplanning) 
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ts @1 


^<o37 /7><9)/7<oiy (oLKsPS)3j<3j(oN. LU fT3y Q <3- ^)1 &y I—11—I (7)1 ld <5775^5) fjGPft (Differential wheeled robot) . 

l 61 i _ gv. &&JFLI urr67S){F>(57miju iSlGtrupjrupGV gtd&u u ufff. 
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Robotics 8. rs&rjGij £§)lLi—l£) isb (Motion planning) 


<orp§lij<oir n>&>§<si\ <su<ss)&&<srr 

• &d&!J 6T[5f£lF<oSr&6rr: / 5 / 7 /i) uuSljDdl&GiflGV urrpd^LD Gm^uSKSiurr 2 Gurr&kjr) ug v uudlpdl gtT)S)!jg$t<5,gtt 

&d&p Guon&Guj. 

• &Lp<svQ[5f$u ljlLgidl _ <oTTf)§)!JG&T&Gh: ^gus= Gurr&GSTLD (military tank) QurrGsrp arLpGvQfbplu 

lj lAgs)i_&gtt1gv (tracks) r£lG$)GViu rrs 5 [Djd&gli ld, &rr(i)(Lprri_rrGST L_iGvrd&>GrrlGV rB&rrGL/LD ^gsiguGuj 
ff]ir)t 5 ^(^s)Gu. urrGUGvrra, g61ij)^lju(^ld Q<sv(2&,rr 6$)W6mi^(5iivi_rrrrw®v ldid^jld l^ghvl! uudjjjdl 
sjfB^lrTGsr Qa^rr^ui^&,sh &rLpd)Q[Bplu ulLgs>I—&>gtt Q&rrGmi—G$)Gu. 

• / Bi—d(9jLb <oTip§liJ<o&r&<SfT: ULq-d&L-Q&GiflGV gjtugu^j tf)i d(&jLD sip 6)dGsra,GnrrGV^rrGST (LpLyiqLb. 

^rrdumLi^dGrb QlGmdGrSl (ArcBotics - Hexy) gjgstjd t 5 i—d(^LD uudlij)d] GTtF>6)l tjGST ®</5/70/_//_/ u/d/?5? 
L®(o57G)(o57/70 &L-(])G$)[Ju5lGV <Sl5) <5U tj LD TT& LJ U fT 77 LJ (3 U fT LD. 

gG$fly £G$fluJ!T& Q &Gpi d&juuCRl ld &datjThi&GTT Qd5/7<5W7/_ <oT0ij£l(jm (Differential wheeled robot) 



Free Turning wheel 


&)(5isfld&)65flujrra Q&GVidp.u U Ch) ld £§)/ 7 <sw@ & da pry am (two separately driven wheels) LDprrpLD ^) 0 /i/_//i 2_i_(2(5xrrrLp adapid 


(swivel caster) 


Qu(7 )ld urrGVrrGsr gj[b§) 1 rrGsr&Grr any Qupgv g^(^)gu^1gvgs)gv. (°£jpGm(i) (Lpd&liu &d&pih]&GTT g-Gm®, g^gAGIgu rry^ 
&d&p£&jjd(&}LD p>Gsflrpp>G$fhiJ pgst GLDrrLh—rrrfg-Gm®. ^lpgstjt) pgu^j 6)1 ([$ldl/ld tfd&pLD G7jT>6 )ijg£t 
&rrujr5g]G6}i—rrLDG6)(rTjd& iSlG$TLitr)G 56 >lGV 2_i—(SG$TPLyuj pa ^(r^d(^LD. pyGViGUGvardaGrrlGV rBPtpaPGiSlaGiiflGir 
aPGvaGtflGV fifrj&Grr 6)([TjLDLiLD adapii urrrr£ 56 )(iTjd&GvrrLD. 


£g)0 adaprdja^LD Gp(3p (3Gua£6)GV Gp($ij 6 )gs)<pii51gv PrLpGSTP) pgv GifF)6)p gst G/5/7Gc55/tl1^_q3 (LpGsrQGsrpddlQujfT 
<SdGVGVgi iSlGsrGGsrrrddlGujrr g^®ld. £g)0 adaprdja(Gt^LD Gp(Sp Ggu&£6)gv ^gstpgv G^Gsr^jdQaPGsrru gt6)p 

^1GS)<PlSIgV PrLpGSTJT) PGV G7rF>6)fJGST papP§], ^GSTPGV £g)0/50 £g) I—^^IQgvQuJ 6)([ljLDlSld QaPGmUj.([^d(^LD. 

£g) ldld n6)ft (oT/5£ 5 ) p&sra gs)G nd QapQi^^ (°^GvdG$)& QtBrrddl rfihjGV GjQjjayGuay GTGiflgj. (°^GvdG$)a 

QtBrrddl^ Gp>gs)gijujpg$t QaPGmLD £g)0/5<5 ^I—^^iQgvQuj 6)([T)LdiS1 lSIgstgstp QtBpQaPLl.LJi.GV (°^GvdG$)s 5 

^y/G5)l _ LLI (LpuyiL/LD. 

TB&pGlJ 6 )lLL—US1L—6V 

papGp dlLli—LSli—Gyidf&f /5/7/i) tBGVGvQ^ppp GfilGftGsrdapLb ^(tt^gii pda GgugmtQld. ^gs)o,Quj GPuSlQaGyidaGV 
i_l6)d^GVGVgj iSIujpQgstp tBap^^GV ip^lp gtgsttuld a^rpGijp. Q&rr®^ (°^I—£6 )gv ^)0/5^ Q&rrQpp 
G\dS)(LpG$)fD&GTTUUy (°^GVdG$)& ^GS)l_lL^LD GULflGmU£5 §]G$)GmLJ lSI fflGl]&>GfTIT&>LJ Z_5) ffid 0 LD 6)lL.I—LD 0/L//7/7 
Q&iljgugs)^ ly&rjGLi 6)LLi—u5h—GV gjgstitjj ^iTjtjdlGjrjrrLb. ^jG^i—U^frn^GSfGrrd &>G)51rfd& GgugmtQld, &>GS)rru5 )®S)l2_l_ 
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G^mdL^Gir GLD6V&>rr&fr Q&gvgv GgugmtQld ^jgvgv^j 3tGuqs)ij G^idis^d Q&gvgv GGUGm(hj) id gig^tth ugv 
ld rr&>!rfhurrGzr G)d^(LfiGis)ir)6 sgtt ^([Tjd&Gvmd. 



<SVd<5$)&> ®S)I_ILILD GULfl $ ldl_ld l_(SV 


Gi(B)[B§jd^rridi_rr&, [Bid Gi[B^lijGd <s^0 ^L_i_i_^^jd(^m <s^0 (°£j6vd®s)&d Q&GtrrDGini—UJ Ggugmt® id GiGirru 
GinGu^gijd Q&rrGrrGGurrid. gul^uSIgv gusufficb (SLDrr&>rrLDGVi id uLq_d&Ld(fj)&&d<sv &> <si5)/^/ gSI LprrLDGVi id Gippu 
urr&D^udd) GrBfjG&mdis^d) Q^gmitu gt[b&> 3 rfil&sTjr}] gtgij gu gttgli urrG$)&&Gn &>l([TjidiSl GiuuL^d 

GI&gst fj)(GS)i gus^j GiG^rgu pid GtilGftGsrd&rnd (lp^g6)gv &Gffifl[B&jJd Q^rrGfT(GfF,Lb. ^g)/(J)6565 ^Gujf) gd/T) &d&urd]&GrflGir 

&TLp6vGGu&LDrr& LorTfopl ^G$)Gm&G$)GrT GrBFLq-iurr&d &d&rjrd&((Gn)d(& ) ^igs)i u lj id. 

egipfu ums$)*5<o5)UJu LSImurii§jJ5<sb 

(o775j%)(7W fi^fDGXTGYTGtfli—GV (Robot Benchmark) GTGmno $j[b<p $jGV)Gmuj ^gyt^^Jgv £g) fjGm($) ididi—ij ud&id ^_gytgyt 

^^jrru unGS)&)GS)UJ [Bid(LfiGis)i—UJ GT[B&)lrrG$Trr6V gjrflpLDrr&GLiid g]GV®ShuLDrr&GLiid LSl&frujrjjr) g$)guljuG[b 

&GurrGV. 









(oTfB^rjdr 3 =^juu urrsm&xsmuju iSlGSTurbrry^GV 


tfgijrr^S^&h g^gijQgu rr([^ ud&d>(dl{D(E)id (^(smrrjj ^L±uu(5ini—ujrr& gv>gu^^j Q&ujGvS^JDGViGVTd 

<55 GmdtdlQdliD&j. (Lp^aSI gv &§jpu urrsmpd^ gtgijgugytgp Qrbqijfhjdld Q&Gtrir)&jj, ^rrsmi—rrGugj gigogugugli 
gjrflpLDrr&d Q&(riTir)§], ^LpGirprrGu^j ^rb^u ud^^lGir ^]Gvd(^d(^ gtgijgugytgp <s> /0®<si3 0/50/57® Gutb^^j. 
^GujDdjlsv (SfB[j^§jd(^ ^rrsm® unu(^ gigdull/ld ld/did ^rrsmQd^LC) <^0 z_j/5/@ gigtu-Il/ld GVGUGbgi 
gtg$)I—iSIlLi— &prr<9 : r?lGmLjd (weighted average) <55 Gmd§>)(]))§>) jd§J. 

£g)/5<5 GrptblpGisflGir &d&prd&Gi?lGV rb&prbtb g/fpid ^gy gytg)S1 (5)zi) g-Gmfi&Grr g-Gm®. (g£jGis)&> gidgu^^j 
§ j\[jd)G$)& ) d) §jGVoShuLDrr^d &GmdtdlLl® rflfruptblGtrrrGV r&\iii <jy§5)<55 LD^luQuGm Quip (LpL^iL/LD. 

pcSrrSi Q&ffioSluLi&m 

1. 77/ree wheeled differential steering by Patrik - Wikimedia Commons 

2 . A path through configuration space using a road may by Simeon87 - Wikimedia Commons 

3 . RobotBenchmark - Square Path 

^^QprrufflGV ^@6565 «/2_(5)(o 5)/7: (Lp(J)<95<95 LLmssfl (Accelerometer) 

2 _rd&,Gn &)ir)Gir QudhiSlGV (LpQds 5 LDrrGsfl Q&uJiLjiE (SGUG$)GV&Gn. (g^-ud (E-puck) <55<si3<si5) <o775§5)/7w. S)tD[5&) 
GUGirQumTijGfr (open hardware). &>GiS)GvdLp ^mi&gv (Inverted Pendulum) Gm&uuuSlfDd). 
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Robotics 9. (zp(J)< 95<55 LDrrssfl (Accelerometer) 


&)jr>6$T Gudonuj r§G7GU7 lLi—£6^(5V <§)0/50/ ^7<5Vgij7lLi— <5§J)/D@^ §^(7)Ui_id)jr)rr7G7 GTGbrry onGu^^jd 
Q&rrmGGurrLD. fird&dr urrrfpgjd Q^GomL^^d^LD 7GQ(5MTGGriK$uj g ^jgvgv^j fird&m uujGsru^di&^d 
Q&rr6mLq.(i]jd(&}Lb Q^ujoSIGujg ^qggii glIi—^^Igv ^)0/5^y ^<£<5U<5 iv/tz2_z_^^/d 0^ ^)0/i)/_/ffl/D^/ ^gvgvgu g? 
(^g>g7 lSIgstgstggv ^(Gjuu^j prrGzr (LpQd&LDrrssfl. 7_rd7GfT G^&lj uuSlrodlsmu ottgA ® ld Q&iuoSl&m fird&dr 

<5T(J)ld(&jLD G,U U l7j_7GS)G7 GTGMTGtffl d GGL-QlJ). LDJT)I^J LD @60 GDIGmLDj-GUJG lL®LD QgUJgC^GTT 7_[hJ7GTT GUGMTL^ 

Q&gvgvild Ggli7lbgs)g>7i ld 7glL(b)ld. $j<ss)6 iv uj ggli (3z_d (Lp@d& LDrrGsfl&QrrrrGV r56vi—Qufry§>l(5irtr)6ZT. 

$}-ud (E-puck) &<sb<sfil <5rr£fj5ljjm 

(51/0/i) uudlir)d)uS)GV ^)/5^ <5i[BS)lrr6$)6mGuj uujgstu(b)lbg,u GuG§>l(r)rT7Grr. Qprri—d&p&tlGV 
7GVG)ShSlGV LJ UJGGUQlD GTfF>6)1 IJGSTG7 G>(517 GDI LDj-GLI OS) LD£5§] Q GLI Gifl Lid l_U U lCl_^J. (g)< 5 / 6£0 @/Q/5ff GUGStGIUG(G>G fr 
^A0/i). ^,7 (S(5i/ g)^y /_/(5D rflfr}]6)j(5$rrd&QrTrr(5V 2_0<siv/T<iS glUjdugdgst Qglljuju ^lbgstgAIgdgggij G7 

£g)(3<5 Guggstjt) <sy 177717 on Gnd Q&rrGmi— GUGSsfl7 GTfB&ilrL gst7 gdgg <si5)z_ ^7,Gir qSIgshso (7 ) GS)fDGi]G7 2_G7G7§j . 

^t, 7 Ggli (°£j6S)&> oil uj gv ggg j7 gtt ^ttglu 7^7(7,17 u rrG7GVG7u uujGsru^LB^jdlr)Gtj7 gtt. 



)-ud aGVstfl (oTfB^J^r 


3>IJD[5&> <su<sirQun(n)<srr (open hardware) 

@/p/5<5 5 ^gvgvtj Synodal ?lqgc gligstQ u gc^gtt gtgstt) ggv gtgAtgst? 6^0 Qurr^Grri&h guuj.gugs)ldljli^ 

6) IJG1J(5$)IJG)-l&>Gfr G7GVGV GLD QglIG^ uG l_L7 LJ lC(1))G7G7G7 (57GSTPQJ <53X517 <50/c£ Q 7 GG 7 GGIJ GLD. ^&>g£t £ 5 ) lLI— 71707 
(schematics), i¥>goli UL^Gurda^Grr (blueprints), DT>[jd7 gli iti_gligs)ldu i_i7G7 (logic designs), 7GmflG$f] 2 _t>gS) 

GUIGj_G)JGS)LDUl_l (CAD) GLIGS)ULJ L fhJ7G7, G7GL7 L_l7GfT GuGGSTT) “£LpGV7 (7)7)1uG(])I7GYT UJ GGLI (17)7(7)17) dl G$) 1—7(7)17. 

(^GLIT)GS)JJ) 7LU GS) 117^177 U U lGl_ LD 7J7Gllfl GST dip GTGJ(7)LD LD GfOJT)GV GLD ^JGVGV^J G)S1 GLIG77GV GLD. ^fF>7>U 

Qurr(7)GrriGST ug77J7(^77ggst (^(l^gAIgu jq^ld QGUGdudi_uu(l))Guerra) ugv r$rgGLiGSTrd7(G7 ) Lb 7 >gs?] 

7) LJ [77(07)17 ^\d>7,U QU7(7)07)077) 7>UJG1J QgIU§J g£] 7) LJ GS) GST G)71LJ UJGV GLD. 

&}6S)<so&i£ sm&gv (InvertedPendulum) 
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(orrB^lijGir fij}fD<5KT<5YT(5)51i—(sb (Robot Benchmark) GTGiriD (§jipp §) ®r>6muj pGupfi^GV pmd (jjtpGinpuj 

uu51tf)dl&6S)6YTd Q&iupiSlsirszrrT d Q&iuGug] pGirru. <s £0 £g )-ud 6jp^lrr6S)6ST 6S)6ijp§j <s ^0 njj 6sfl u51 gv 

(oTGS)i 6S)6nd>p 0 c fdlGmu u d&,6u rruLpGV &mur5g] 6)51 Lpi tldgv (LpLppp6U6S)rr Q&rdi(&>pprr& flirt] pg]6ijgj prrssT 

(fffp &6U n6V. ^)/565 ig] 6$fl ifil 6V 6T6$)L_ 6S)6nd>p (^ddlGimupprrGir p>6$)svdLp qm&gZ) 6T6$TfQ] Q&rr6V§>ltr)rrrf&6rr. 



Sj6B)6Ud§iJ) 2^(9^611 d=LD6$T QffUJlU (LpLUg^JUD @-Uft 6T^^1[J6OT 


3,Lbuih]^d>8)rTlIf-3,6fT 6£0 (J^ddlGmU 6)5[J6V ITj] 6V?1 ll516V Q&fr] 030/T35 flgUpf G)/£(J)<3/£/JZ_D &LD6ST Q & UJ 6V 6$) p 
$r£]&6rr urrfpflqrjuiJf&Grr. ^($&> Ggugdgvgduj^ Q&iuili <^0 &d&p Grddhrmidf^ onu^rr&k QLDrrLflifilGV fhj6b 
6T(Lg^j6)j(Ss) (°^ppu uuSlpdluSlGir (Sprrd&LD. urr6V6ir>6mi5l6ir ( 3urr&i] dlGV drrjnjn fl6S)6V(&j6is)6V6i] 6)5l6S)&&6rT 
(random perturbation forces) ^h^oSIgst Qldgv prru u(f)LD. (Spend <^,35 <^35 fl6S)6V(^6S)6V6Li GflGn&uSlGb ^6fT6i] 
^f^Lorr^id. ffjGuf)6S)fD 2 -rdj& 6 rr rfhjGvnGV (Spend a=LDrr6ifld&, QpLppprrGV 35 w§)uQ ugmt Quirt 

(Lp Llj-U-I LD. 

pmt$ QjsffiaSluLi&m 

1. Photo of the e-puck mobile robot by Stephane Magnenat - Wikipedia 

2. RobotBenchmark - Inverted Pendulum 

^]pQprrufl6V ^t(f)d,p &id(f!)65)rj: 6jp^lp6sr <sff><® (RoboticAnn) 

6)51 (/j) fl6S)6V&6rr (Degrees offreedom). 6rpfp6ir 6S)^(Lp6S)6ST &rrp6$rrf]&6fr (End Effectors or End Of Arm Tooling - 
EOAT). GKjfpgj 6$)6vpp6V (Pick And Place). 
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Robotics 10. <oT[ 5 $ 5 lrj<s$T 55)1 (Robotic Arm) 


oSIQj) $55)50151 (Degrees of freedom) 

$55)50151 51 51(7)1150 5T55T55T? 5lf$Uj55L 55)0(6150 <S£511Q511l(TFj (gpL-QlO) 6£0 <Si5)(J) $55)50 515511)] 
Qoi5050501ld). ^1,1511^] 5TO,$IJ55T 55)a, 5U 55)51111, OLp5! ^]50500y (Lfi55riSl55r tBipiO^Lj.111 £g)/_/i). 51 Ip $ IJ55T 
55)ii5tfl5b ppLl($i5i 5iLpdiLDii^ Q^rri—f (Lfi55)puSl5V^rr55r (serial) £g)0<$0/A ^$Gui^j ^j55)555T 
fLQ55)1)uSl5VILL) (parallel) ppL2($151 55)5U£5§J &50 51 p$ 151051 511 (Ip dl55T1)55T. Qpil_j (Lp55)T) ppi_2(p) 5TfB^Uj55T 
55)005^50 51^^55)55T ^]U1 id) 151 2—515155T 5155T1)] 51555T555f}55T15V ^0/<5/7W sfil® $55)50051 51555T555fl 155)1. 

Gsu op 560 , 100 id Qoo5050uGu O55TO50 ^55f)^55f)uioid iorfiS)55T$ oH(p)uu(p)fpdoxLpuj (independently 
controllable) ^uidirdji55)5i 56(6 $55)50051 5T55riu 0 ^ 0 ) 50010 . 

llllj <oTtp§)lJ55ri55)5fT €T5il5Ungjt! GU55)aLJU($)£§]6U&tf? 


Examples 


Allowed to move only 
in x and yi 2DOF 



Allowed \o move in x 
and y and to rotate: 

3DOF (x.y.e) 


£g)f7<SW@ LDjblULb ^LpGSTfpj 5)5 @ $55)50151 


5l($)£§jd&rrLll—rr&, (°£jl—OpLld!U U l_dd 5)15151 5U555rLp05i (LD55T55)ILD iSl55T55)ILD Gull (LpLyLL/LC) LOJ])OgLO 

uii5ijolLi—Oi £g)/_(//)/i) 51150 ppm Guoi pp ugu] lo <o7w/p/ 55) 5110, op d QoosiGou od. 511$ op 1(1, ^jp5m(p) 

56 ($)$ 55)50151 2-515155T 5T55T1)] QoO50G5ll id. 51150Og 55)OLO Ulld 2-5151 Ul_f$50 2-5151 511555TLpi5fr 
55) 511 0)5)51 IJ Gm$Qll5m($ G 0,55) 511 (LI 155T Gl0555rdj056 50 $ 0 LDU51]LD (LpLyiL/LD 5155TIT)] 

55) 500, Op 1 Gill STrG)5)J ILL). g)<51V/D/p/«0 PP55T1U 5)51 (f) $ 55)50151 2-515155T 5155TOp QoiOoGsO id. p dm 050 
$fJ5Sl50 £g)/5<5 pp55T55)fDlLjLt) 0)55?) 1)0) 55?)UJlid ld($ LJ U ppLpUgd. 

5T[B§>i!J5ir 55)i(Lp55)55T n^55TfhJi5i (End Effectors or End Of Arm Tooling - EOAT) 

Qsujbph—U iSh-puiSl (Vacuum gripper) y^p,55T G5055) 50 1(1,1) ^(^p^o$Guo50 mojbpdi^Lpuj 
Gl pd Lp5l]d>0) 55T55)LD 111 150 2-0) U (l5) 50 $55)50(10 055T1, Ol 2-5fT510p. QU /70 dl55)51LJ iSlippOgp OPfll fff]pp> 

51155)1111155T 51 f$p55T lSIlP LI LSI 6£0 IJlOUlj ^]50500g U 05)5) Upf $155T 2-0)1 (5p id d 55055510,55)0,10 
UIU55ru(h))pOgdjDOg. 

fipppppu iSlLpuiS) (Hydraulic gripper) u5)!5i]d uood 50Lpd](i,dir)0g. y^poGoo ^]$o s )]5i5idl50i55T 5655)0 
G 0)55) 5)1 UU(f)LD G5)155)501(51)1(0, ^LpilLj. LJ (U 51LJ U U (f) d/BOg. 2000psi 5055)g 5U LpthillO^Lj. Ill 

5J$$15)l?)56(rpp^] (pump) £§)/ 5<5 5Tp$lJ55r lSlLj.UlSll(^l(^ ^pO) 5]1J5151]d(0) LI50(1) d55)l—ddlT)ip. 
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^GUjpplGST 9dd9>LD9GST ^G9 Gl/ LDfD^jLD G>GV99Gsr gtgs)I— 99^gsstld 99 99fop(Lg>^^u iSl isy u lS\9Gtt (Pneumatic 
grippers) iShju gvld rr gstgs)gli. 2_rr)u&)§)&) ^jgdjpuSIgv ^Gujf) gs)[d GTGtfl^99 GTt5^1p9J9(^d(^ ^gs)i_u51gv 2-Gttgyt 
(^ jriid&LDrr&ST ^i_rd9GiflGV Qurr^^p (LpLgLLi ld. 

uSlGZT&rrrBpLJ iSlLguiSl 9 gtt (Electromagnetic grippers) (S/5 ijlSIgst 99 6)gs) uj lj uujGSTu(d)d> 9 g^GSTfDGST. ^GutpGmipd 

&lE(l))ULD GTGlfl^J, lSlLIj.LJlShl5lG6)(r^t5^J U99d>GS)9> G)5lQ)G)51uU^JLb GTGlfl^J. 

<or($)£&tf <stS)QJ45J5<sb (Pick And Place) 

Grrb® 9 GST @/D gstgytgEI i—GV (Robot Benchmark) CTCTIT) j^(ofl)(offlfriU £56TTd5d£l&) / 5 / 7 /i) (Lp[BGS)9>UJ 

uu5)jDd)9GS)Grrd Q9LU^iSlGSTGsrp (g^GSipd Q&iugu§j pGSTfru. @<55/7 (Kuka) $irg gst u^urnE (youBot) gtgstjd 
999[J GTIpd) IJGS) GST LJ LJIUGSTLJ @£6) Q9GVI99IU U EgS) Z_(/5) g6) (0 /50/ (conveyor belt) <S£0 9GST9^JFT^GS)^ (o7(5)^0/ 
'St^fD&rrGfl QulLl^uSIgv gs)gu u u9g9,9Gsr ^rB^u uudlipdhiSlGsr (^i^ldQ^rrGrr. 


\ 1 

m i i if 


% 


■ 

0<s/7 g^urrE &d&rj GTfB^jGsr ®s)& - <o7(Rd&l stfxsi/dj^csi) 



(Lpddhu §)jdgst y^GrroSh _ gv gtgstgstQgugstjdgE U9GS)9 9GST99gj^GS)9> GT(j))^jy gligsstlp Egy 2 -Gttgtt QuElj-uSIgv 

99gSILLI99 2-GTTGTT (°^I—£b6)gV GS)GU99 67J)6)[JGST GT(g)^&ydQ99G9(Gn ) E (S/ 5 / 7 /i) <9)17GST. Q9GVI99IU LjEGS)L ®/_65 

Qprri—EjdhuGLii—Gsr&rrGvd&GssflLJiSl Gpi—^^jGurd^E. 9GST99yijd>GS)9>u QuEuguSlGO GS)Gud > 9>Ggi_GST 
$GSTfrpGfi}(t)Lb. 2-1—GST £§)<5/D® Q LD9^9>LD99 GT(d)d>9> (S/ 5 / 7 /i) U^lGp Q9UJUJUU (J) LD. 

gs)U 9)rr gst rflpGvrrd& QLDrrLflGsnuu unjGSTu(d)d>^ Q9iuGv6)jDGS)Gsr QldEu^^^jgu^j GruuLqi? 

G)9UJGVU(]))d)9jjLD (S/ 5 / 7 LD (9 ) GS)IT)ds 5 UGvQgUTU 2-d>^9GTT 2-GTTGfTGST. GT (1)19)9)1999El—99, ^9J9GfT GLI GSSTLj-llS) GST 
QglI 9^GS)^ <S>j6)9rfld9GV9Lb, ULTj.tffGS)GV9G)lflGSr (S 9 > gd ) GS)9 ) d (9 ) GS)fD99 GLI jj)l U9g99GV9E, LDJDfJJJLD 
^IU999J9GS)GYT ^GStGSSTlLI999 QtflU(UGV9LD. ^9,9GLl9y GLIGSSTLg. G£Lg. rfylGSTfT) l3 GST9,9 GST GS)9GS)UJ9> 6) (ITj U L/GLI §J 
GTGSTTU (°^GVGV9LDGV GUGSSTLg G£®LD (S/_J/ 7 (Sc 55 GS)9GS)UJ9> d) (g) LJ LJ GV 9 LD. 

rscirnSl Q&tflGtSluLi&m 

1. J-C. Latombe. Robot Motion Planning - Carnegie Mellon University 

2. RobotBenchmark - Pick And Place 

^£Qp9i—filGV ^t®d,9, 9 EQ)gs)[j: u9GS)9>9 >@ qS)<ss)L- 9 9Gmi 9GV (Maze solving) 
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(Lp/J.® tffpuLi^GV (dead-endfdling). G^z_o3 (Depth-first Search). ^&(oOLt)-(Lpp>(SV 

G&psv (Breadth-first search). (SWi—rrrfGurrrfsrv (Star Wars) ui—fr]&®i?l(sv <siV0/i) 6^0 (5Tt5^1p(dr urr^^lpLC) iShSl-8. 
0L^o5)q5)0/50/ &)LJ iS)d)&)(oV. 
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Robotics 11. l/$ 5 ) rfu rr<o!S)&id(&j£ : J/761/ * 7ggn/ * <so (Maze solving) 


6^0 670§?/7w 0 63763ft/ t/** to 7* tj 763)0 8960 £g)000/ ©6i/6ifiG/7/0/7D gu LfilGmud *63^@79t/_z_77J63)0007637 

Li^lrfurr(GS)^d(^fi £5/7617 *76337770/ GTGST&lGjrjrrLb. 8/700 * t 1 t £. (random mouse), *61/ jj iSlGbufijr)GV (wallfollower), 
z _ 9 © 617 t 1 ®o (Pledge), Lofi^jii ifQijLDrTdGfo(Tremaux’s) ^8)/7/63i6i/ 6^0 670 £ 5 ) /7G6377 60600/ ^Ggttg (l^gstiSIgst 

(q!&)[ fUun&) L-i&hrr u ggd^uSIgv 2_GfrQ)GfT LDmlupd ©*76337/_760 ©6i/6iftG/7/0/7D GULplGmud *6337(5) 
l5? 70 777700*7637 6l963)637**/7/37*6)T. 

(Lp/ l® */ 5 ^j/* 65 >fflfr rglpuLipisb (dead-endfilling) 

^5637/761) fifrJ&GfT (Lfi(Lg) L/S?/7 77763)0631/77 LL /70 G70 oSl 000/ 77 mjd& (Lfi 7i/_/7/70 G1 GSTJT)J 63)61700/* ©* 7677 G617 770. 
£§)000 LDL-L(h) */50/*63)617 rfflJLJLI^GV G77 76370 6l963)637**/7063)077 77/7761777 (5)0060770. 6761)61) fT (7/3 lL® 

*00 /*63)617/7/to filrru iSIglUL fi_rrGV, l8&>ld £g)0/_7T70/ 07 td ©6i/6i9G/T/ Q&gvgvild 6 i / t /9 &>rr($G$T? 

op to-(Z/106D G0/_6O (Depth-first Search) 

7_/^)/77J/763)0*065 <8(761/ *7 6331/ 70 6l963)637**/JT0 0617/7** /f/37* 617 ^63)0 6£0 8)6316177777/_707* 

06178**60 770. <§)0000 <8/761/ */76337 ^>77070-170*60 G*/_60 g_ 633763) 70//9 60 6£0 061)61) 77? 617* 0617 G0/_6O 
0/7637. £g)0637 61® @J) (7/3 63)0 67637637©6176370)760 (7/3061®6O 61761)0/ G*77y_//®60 6)76)7 S63)617631/7/Z_7 

t96^7700/G61/7TO. ^filGV ©6176lf?G ILIfT}]LD 6177/9 863)/_** 61®6063)60 676370/761) ^)07DZ_5) 6170(§617/770. ^(T^LDlSl 
617070 617 7/9/7® 60 070*0 8)631/_*07O ^j)/_0 / 77**Gt 07 <^60600/ (§0/7/7*(§617 © *60 ffl/70 (70060 6177/777763)77 
67(5)00/* ©*/76)7(§617/7TO. ^88000/ £5)0707761/70 617600/ G*77J/_//®60 6)7617 8)631617631 ILI 77 7®6377700/(§617 fT 70. 

£g)7070/7^)/ft 6£ 637 ©617 70 8)631617631 (7/(7/70 ^gl/0637 (7/)(7/3 ^7p00/*0* ©*6370/ 7J7/700/ 61® (5)6170760 £g)6310 
^7/3 TO-(7/30 60 G0Z_6O 676370/ *l0/8)G077D. 

^/* 6 O 7 £)-( 7 p 06 O (§01_60 (Breadth-first search) 

^)0/D0 7P7/Q7* ^7*6070-/70*60 G0f_6O 617 7/9 (7/3 63)0 77® 60 6£0 77 70 77® 60 0*070 6760607 8)631617*631617/7/70 

(Lp ILI fid ©*//70 79637637/707637^(5)00 7770*0 £g)0/88* ©*60^617770. 




Hi 90 c 
S: 90“ 


T/^)/71776310*(00 ^/761/ * 76331/ 0(50 

©0 m _ IjfijD l-lfilrr T7763)0*(60*0 *61/631/7 6£T®70* ©*6060/70 (70 63)0 77® 60 <8(761/ *7633760770. ^637760 6)70617 

©*60gL)/70 6177/9/7/70 © 617 6lft G7770/TO 6177/9/7/70 L/S?/7 77763)0 77® 637 ©6176lft**617/J*6lfl60 £g)0** G6176337(5) 70. 
670^)/7637 Z_/^)/77J76310//9637 ^_/J_ 7J**0^)6O £§)000/ ©07Z_/88, ©6176lftG/T/ ©*6060/70 6177/9 ©07Z_/700 
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u(^^1u31gv £g)000/76i) g-drGfflGuj ^jDj^ld &r(f)ffi) surrd <3^_®7C). ijQmLL^D oSlGsxsmd^rni) (Pledge 
algorithm) ^Lpsvm £g)0000 £ 5 / 761 / <$/765576i)/777). 

( 9 jL£lu 5 l<oS)(IJj[ 5 §] 0 LSL$) 00 <ft> 

670®0657 £ 5 )/7)657 (oYT 6i5 )l _ (5V (Robot Benchmark) 67657/7) ^g )00 ^j)65)6557((7 0/77D £ 3)000 (7p065)0K7 

uifiltr)&)&(5is)®rTd G) <57(7075? 6576570 £g)65)0<7 : Q&uj 6 u§] p^rri]. 1 SI 1 SI -8 67657770/ ®roi—mj Gvrrrrov (Star Warsj 
u i_Aj&,sFgv guqtjLD <^0 <670§5)0657 t 7/70§5)07T) ^(^ld. £3)0/ 2015 sroi_rrrr 6umj®ro: 0 o°oQurrf(5rb ^Ggu&gstqv (The 
Force Awakens) LDjDfpj ld 2017 dvi—mjGumj^ro: G>l <svrrsrvF G)®§(0. (The Last Jedi) ^®/tj 61700? 61077) 6170 52 00/. 

£|)0/ (§<55/76Y761/0617/7657 2_(_6£)/77) 0 65) 6/7/7700/ £3) ILI [ hi 077) 06l5)773/7(_0 0OT >(SO (7/ LD G)^/76557/_ 670® 0657. £g)0/ 
sips)rr&h G) 77/777) 65) 773 (7//7<550 ^ij)Qurr§j <5065)0(75)6)3 ®65)(_<55®00/. £3)00 G) 77/770 65) 773 65) (7/<55 Gmad & Gssflosf ] 

^61)61)0/ ®0657(§77£t) QfiGVLD £3)(7/<55<556D/77D. 



<5n)i_rrf Gurrjfsn) BB-8 <0775 

/5700/ urrGaGD&niurrd^udd) BB-8 67/5®0657 6£0 T7/765)6i)6i76570®6)3 (^Lplifilsv 773/77l70<55Q<55/765m00<55®00/. 

£3)65)0 G)51(5X)rr6)j rr&d 0(/5)((5) 6)5)0/50/ GlGusiflGiutr) 6i7^Q <5777 ((7(36176557® to 67657770/0/7657 ^Gurrov. <g)0 

®7/5)/_0®00td ^i&h&LrrrGZT GrBrr^Qn& ) G)<55/76557(_/76i) ^lLi—LD ®6570/6i5)®td. 

670®065)657<55 0/^)o5)(5l5)0/50/ 6761/6176)761/ 6l5)65)061//7<55 G)6176yfl(§(77005)65f/7<556)7 676577765)0 ^Uj_UU6S)l_UJrT&> 
(65)617650/ 773 ®77G) 776557 Q&rr®d§>lir)rrd&GTT. 0 77 77 6lJ) 6)3 65) 61) G) (77 65^6)3, 077(_5?<55<55 676i/6176)T61/ ^)/0®6)3 Q/50/57® 

6177 )(?) 0<5>677 (67(65777(65)65 (65)617650/ 773 ® 77 G) 77 6557 §2 (5$) l—d (&, LD. 

0L7Z_® (657/7(51) 70® 77 G) 77 6557 5ft % (7/30(51) 7ftft% 617<65)/7 ® 65)(_<5507D. ^<55 <556557(3 773 07775)00/761) 7ftft% ®65)(_<5507D. 

£3)075070 6£0 5j)(t 5)(_0® 657 <5565)(_® <Sl5?0 fTL^llSl 6)3 0/_7(_5?00/76)3 5ft% 0/7(657 ® 65)(_<5507D. 0 77 77 6l5) 6)3 65) 61) G) (77 65ft 61) 

07^77S(657 (5lS6yfl77)7_9(5l5)0/50/ 67 t! 70 (77 00000/<550 (50/^777(51) G?0/7(_077/7.55 ft% (7/3061) 50% 61765)0 773®77G)776557 
®65)(_55070. 

65)770/7657 ®06l)/75555 G) 773/7T/5) 65) (77 77 77/7/65777 ® 0 ® G) 577761^0 65) 657 (577377)77(5) 00 /6170/ 67777770 7 0 Lp)ifil 657 &mLJ 61/ 
<69/£/>)67773/767 ^077770/761) 67®®0657 (7/365765)/77) t5?65765)/77) 6 £(J)617£ 5 )6)3 G)6176)fl(5(77 6170 (7/370(77/70/ 

(5t7/76|5)0«®00/. ^,<55(5617 6£0 77555570 (370 61) (30/755® 6£700 ®07O(_5? 0 7£$)55 0 6Y7 06557® 7730/77<95<5577) (£70/70 

^-00/(5617<550 65)0 77 77/7765777 ®00 617 (® 77/705555 (§6176557® 77). 57$ (77/7657 00 6557/37 556^6)3 ®65)5 r 65)/7/ 773 /70®) 657/761) 
670^)0657 07775)7777000 617/7(77 777®055® 00/. /f/57<556)7 670®065ft657 00(§77/765)0(77 ® 65)<5 : (§617<55065)0 
^/6Y76l5?®617000 <5r7p6l) <55/7(J_70 6557/j)65)(7777 (gyro sensor) 77(7765777®0061)/77D. 
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rEdr/fil QjBffloShjLi&m 

1. Left: Left-hand solver trapped in a maze Right: Pledge algorithm solution by Randomperson321 - Wikimedia 

Commons 

2. PNG image: Robot PNG 

<$/ 2 _( 5 )< o &)/ 7 : &gu<ss)!J<^lLu^Quj Q &GVi dai&GV (WallFollowing) 

G&,mNLij_GST (Sldgv Q&svid&ifrsv. &tGugs)j gplNl^Guj Q&6Vid&>i&>6V. uiuGsfj 3-DX (5jrB§frr6$)6ST &rGUGS)rr ^lNl^Guj 
Q&GVid&iftsv. 


35 





Robotics 12. &GU<sm[r qlLui-Guj Q&Gyid&u&cb (Wall Following) 


(oTrB&^pGir&m^rrGrfhurdj dhurry ^jiurdts 5 < ojG^^uld 6^0 ^GtrGtfl mrd] 3 (fjDGnm Gp,GT>Guuu(f)dfo^j, 

^gs)^lj u (UGsruflf^l, 65 u gst Q&ujuj Ggugmtl^uj ($GUGS)Gvd arrow u rron^Gmu miPflrnGOGVrrm gv ^fa,u 
urrowauf gvi mm (rfGwmu^piaGWGniLim Gif Sorrow ^gs)i_uj rrGrrm aGm(f QarrGfTGrr (LfiLpiL/m. £§)<5/D0, 
GT(f)^§jdamlmrra, z_/<si$ r£l<ssxso amf-Lp (Global Positioning System - GPS), LiGrrGtflaGrrrrGvrrGW Gmam (Point-cloud) 

GufTGSTfD UGvGgUTH GU Ljf (LpGS)JT)aGfT 2_GfTGUGW. 

GUGMTLy QaGyidaiGudGV Lij-uuGS)i aGrrrrGsr G amPiy gst (Sldgv QaGyidaiaGV (Line Following) mfjrgm aGUGwrr 

GpiFLyGuj QaGyidaiaGV (WallFollowing) ^diUGuf) gwjt) /5/7/i) ^)/^0 GfilGwrrmrrau u rrjuGu rrm. 

G&rrLlu)-<sir Gmcb Q&<svid&n&<sb 

£g)/5<5 Gifd) ugst GarrLiLpGW Gmo 3 6 £/_ yGm® <s>t&dd) gu /_//_/ Q [B(i]) rdaow m 2_Gmrfl&G$)GrTLJ (infraredproximity 

sensors) ULUGWuflf^jdjpay. ^Gmffl^GifloSl^tB^j gu^ld aLf^GwaaowGrr GWGufay <SFT®uflGGwrr 
r^Gswamflu u(f)f^l adarrrdjaGuflGyiGrrGrr gAgd# atGrKdc&f (motors) r^GWGsmaGWGn ^GpiuLjdfnai. 


Left Sensor on black 
Right sensor on white 




Turning 

Left 


GarrmLpGw Gldgv Q&gvi daiasi) 


®I&JD(& &L6l(g>as)&&Gir /5/7W(g oSl^mrr^ GutjGorrm: 

1 . (Lpp>GvrrGu&y, (g^fjGm® ^-GmfaiGr^d^m Gamf) Qa,f(UG)fGVGW)GV. Garr(f) Gwminf&hGV g_GfrGrr§j, 
(S^rjGm(f) 2_Gmf&,(GfF>m &>gwijgwuj d, urryddowpow gigwGit) ffyjfyijU Q u rrqrjGrr. ^aGGu (S^rjGm(f) 
GflGwaaiyrpm (LpGwGGwrrddd afjrgm, ^^Ggii gugsstlp (LpGwGGwrrddd Q&GVGVim. 
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2 . 


ijGmuu gu&} j, £g)z_0/ ud&LD 2-mm ldlLQld G&rruGnuu urrdddlGdro&j. G^rrQ) £g)z_0/ 

ud&LD ^(njLDLi§>)tr)§] GT&frjrij Qurr^m. ^&Ggu £g)z_0/ ud&m g)51gd& iSlGsrGGnrrddld 

&rjf)ir)jLb gugv^j ud&>Lb g-drorr gSIgd^ (LpdrQ(5^rrrdd)d &rjf)jr}jLb. ^&>6iT6)5lGS)6n6urTa GUGsmuj. £g)z_0/ 
ud&LD §^0/i)Z_/zi). 

3. ^Lpdrj])rrGu^j, gugv^j ud&LD 2 _drm 2 _ 6 Mrffl lduQld G&rruGnuu u rrrrddlGsrjngiJ. G&rr® gugv^j ud&id 
^(TTjLDLiSylrDgl (oidrru ^&>gst Qurr^dr. ^^Ggu gugv^j ud&ii g-drorr 6)51 gs)& iSldr(S(5$rrrd§>ld arfD^id 

£g)/_0/ ud&LD 2_dTQTT 6)516$)& (Lfi g£tGGS mddid frlfifrULC). ^&>GST6)5 GTlGUGU rT&, GUGmUj. <517(51)0/ ud&>LD 
^)0/i)Z_/zi). 

4 . r5rr6$r&rr6ugj, ^rjGm® ^ 6 mffl&,( 6 fF,d(^Lb (§<95/7(5) Q0/$Sot/d0/. G^md-L^Gd (Lp l^ 6)51 d (^rjjdG^ (§<95/7(5) 

GurrL^L^d^fB^rrd), G^rruis^Gsr (7pu/_<5i/<950 <517/50/ g 51 uGurrm gtgstuGs) ^&>Gk Qurr^Grr. ^&Ggu 

£g)/ TGm (J) <51$ (off) #<95 (<50/i) /£) GST{£] 6)51 (J) LD, GU Gmi^lL/LD fil GST{£] 6)51 Q LD. 

&6UG8)[J GpUUf-GlU Q&6Vld&l&d) 

/ 5 / 7 /i) G7[5^crGdlGV ^[rGm® §jjfj £-6mrfl&GS)6rr (distance sensors) #< 517/7 £g )0 <950 z_i ud&£6?l6V Glurr([ij£6?l6$rrr6V 
<S4GS)^ &rGUGS)rr g^lLl^Guj Q&GVGvd Q&iuiuGvrrLb. 



&t<SUGS)IJ (SpUL^GlU Q&GVld&il&d) 


fg)j§)<@5 njLod(9j &uSl(dij6is)<9 : &6tr QpciTfQ] oSl^LDm% GuijGomb: 

1 . (7p0(5U/7(5170/, ^j!JGMT( 15 ) 0/f/J £L_ GMTlfl c/7 (GTF)LD G^GlJ ^[Jfjd>G^ 3 )d <95 fTL_ ( 5 ) Si 6 STJ 0 (557. <57/5§5)£7W *(51/0<950 

^Gis)6miurr& (^0#§>)/D0/ 6tgstuG&> (^&>gst QurrQTjGrr. ^#(§<517 GUGmuj-Gmu Gr 5 prr& (LpGsr GrdrrdS 
Gpi—d Q&iljGgu rrm. 

2 . ^crGmurTGugi, (LfiGd ud&m <§)0#0/i) S-Gpsrfi 0/7/765 <55)0# #/7 /^@£)/d 0/. <# <517/7 £g)z_0/ ud&ii 

^ 0 zi)/_/ffi/D£i/ GTGsrfQ] Q^flSjD^j. ^,&Ggu GUGMTL^Gmu £g)z_ 0 / ud&LD 6 }(iTjLC)ud Q&iljGgu rrm. 

3 . ^Lf) <5tf7 IT)IT <5170/, (LpGST ud&>LD £g)0<950Z_i 2 _6mjfl 0(55)0)/50 0/7/70(55)0# <75/7/^@ §>)0)0. #(517/7 <517(51)0/ ud&>LD 
^0/i)z_/ffi/D£i/ gtgst try QprflSljD&jj. ^,&Ggu GUGMTL^Gmu (5i/(5D0/ ud&LD S)l(i])Lbud Q&iljGgu rrLD. 

UUJGsflJ 3-DX <5Tfp§ljJ<oG)<o5r <3r6U6$)jJ (^lLlS^GuJ (o)<5Fgy/00/0<5l? 

GTipS)! ijg£t d)lfD gstgyt 6)51 l _ GV (Robot Benchmark) GTGmno §)(50 §) GDGmiu ^gyt^^Igv pm!) ^)0/Z)0 (Lpd)GS)g>uj 

uuSlpdl&GnGnd Q&ujpLdlGtrGnrr ^GTtpd Q&iuGugj pGirru. gt^^I ijGDG^r &t6ugs)[t g^lLl^-Guj GGu&LDrr&GLi ld 
8 ^ 6 VqS 1 iLILD rr&GLjLD Q&GVld&ILD rfllJGV GT(L£8}J6uG& > ^)/50 c/7(517/7(5)3. 
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uujGsfrj 3-DX GTr 5 &)aG$)G$T frGUG&ij GpiXu^Quj G)&gvi#>&>i&>gv 

<o775£i)/7W &6U[fl®S1 (IT)[B&jJ 50 Q&lS gfrp£&?l(SV £g)0<$<95 ($6U(5m®LC). 6£0 /$Z_flz_ <3/5/70£ 5 ) 61 ) G^lSyUJ ^GYTG^ ^gl/^)<55 
0/777/i) Q&gvguG^ ^)0(o5y 0/?5)«3c55/7(oyr. onu^rr&k rffrrGvrrda QLDrrLflGmuu uiuGvru®d>® Qaiud)®fDGv>GVT 

3zJDz2)ZJ@00/<S1/0/ (oTLJULq 1 ? 

(5J[b 6)Irr&fr (Lp&>®L))6V a^GU(i^d(^ ^(jTjdlsv Q^gmjb^I—UJ £)/d/50 urrsm^smud &6md§>)®Lb. *3\d>&> <§)/_0^r>0 
S)cJ(o577£)(o5)Z_/50 lS](G$T(5XTrf <3 tG)J GV)!jQ UJ aHiy.(SuJ 50 Q&l 8 gfflj£6)(SV /5<9>0Z_D. GtSU j §,) 0/i)/_/LD S/_J/70/^gl/(o&)0 
(^lIl^Qiu S)l(i])LburnjjGV (ajtrydyF, gul^IlSIgv atGuiflsir ^®£&> u^Sjld^d Qatrirru G)51Hi_ad) <J/£5/D(g^ 

a>6mi_LD 2_6m®. 

^a>&sr uj_uU6$)i_d aH®uu®d>® udaGuaHLyGVimm G^rrem® G&rT&mrij (sonar) 2 _ 6 mdaQr> 6 n ldH®Gld 

uuj(dru®^^]d}ir)^j. ^]gs)gu 2GnQi_rToS) (LpGvrn Ggugdgv Q&iu§>)(ririr)(5$r. *<si//7 Sl2/_00l1/_ GrBtrrra ^(r^d^m 
gugdij ldH®(Sld ^) 0 / (^(Lgrdarra Qaiud)u®ii). <%xrrGmDiu rr&w ^y^uurdaGDGnd GS)aujaGfTGu®d) £g) 0 / 
z_flc 55 ( 5 iyzi) (SLDrraLDrrGMgt]. ^)<^D 0 3 ldldu®^^ dry&dr (Lp(dr ud^ddlsyidrorr ^-Gmda&DGniLiLb uiLnriru®^ 
(ymjtpdld&svrrLC). 

pmnSl Q^fiejSluL/meh 

1. Lmg Follower Robot Using Arduino By Aarav G 

2. IIT, Kanpur - roboconl6 - ^ 3 // Following 

3. RobotBenchmark - ^a// Following 

^)0G)0/7z_/j)o3 ^®d>&> &l5®qt>ij: GUGmprui—Lb ^ujrrd^gJ ^<oir<oisFli—thi(^j5l^^<sb (Simultaneous Localization And 
Mapping - SLAM) 

QtB®(d^arr<5is)GVu5lGV GJGMTLyGuj rrH®a,GV (Highway Driving). a>i—rdarrH®Lb G&rr®&(&s)(5rT rflLpir) ui—d 

ay^G^ujrrd) &<5m®iSlLq-^psv. 
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Robotics 13. Guanpui—iL piurTfflpgj £<s5r<ssfli—[di(9jtj5l£45<sb 
(Simultaneous Localization And Mapping - SLAM) 


<oT/5j5)/7W (localization) GTGiru^j <s^0 /5<950/i) GrrB&^rr&b u>6<k (a^LpouGOiLfii) <5/7W 

^)/_65(S5)c5(L//i) &6mi—rr5hLiLC) Q&ilksvq^gs)/]) ^0/_d. <s£0 a>6ir(ovfhud& Grddl rr®s)idf^d 
G&>6$)6ijuj rrGxr l£\s 5 ^l^liug^L- §>1jdgut. Gif! gv ^i_r^j(^f^l^GV G^GUforr^LD. gtgstgu (m,LpoSlGV <077565 ^)z_^^)o3 
^jQ^dSlQjDrrLD gtgstjijj Q^ffltB^uGV^uGir ^GvdGS)&> Qr^udS) GnjuLCj-d Q&gvguoj gj&stjqj 6?lLLi—Li5h— (LpL^iL/LD. 
<S3) 6U£5§j£5£5 ugu Q&iUGV&GmGmj ujDdjhu (Lp lt^gl/ u>gyt GiQlda, (LpupiLjLb. 

GTfB^IijG^fl iugSIgv GUGmuj-Gmu Q&GVid&iGu&i Grump (oTGzrfru umjdt&jLD Gurrgj, QLDif)^GmuGuuru GUGnrru i_ld 
&>iliit ffld)<3}] pGUGsb urd^plppov gtguu§j <^0 (LpGuiSlGu Qprfhurr^ (a^LpGSlGu GUGnrru upGnpd &>lLug^ld^^go 
^/,0/i). (LpGUGurrGV urnjd>3) (a^LpGUGVu uiSlu u^jd^ld ^gdu,Guj uiuGiruQl^^GVULt). <§)65/D065 |5/7<siy 

&rrGm ugv G^GDGudurrrda.Gu ^(ipGa rrda,u uuQ)gytgugu. ^gu/dj^Ig v d)<sv ^lrgo Q ldggtQ u rr(T)Gnrra,Gp ld 

dl(GS)i_dd>l6ujr)&u. Gldit)&£&>Iuj rBrrQ&GiflGV uijGUGvrr& G)dljr)U6$)6uiurr^m go-GprrGurr (iRobot) tSlruGUGU^^lGU 
(UjLburr (Roomba) GurrGujj) 0//_7z_//7<siy gt tB^pGua^Gu ($gugt>gv Quiuiqid ^GUfDudlGU gugs)ijuu^gs)^^ G5iurrr?ld& 
£g) ld ld n&) ft G)dlG$)6udurrrd&,6$)mGuj uujGuuQpg/jdlGujDGu. 



d)i _ rd(9imd(RiLD LisrTSirrl^^su rflLppuud aQjjsfihurTGV «sw@ i3 
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QrsQ^&rrGisxoOuSlGb GU<smisi-GujrTLL(j)lp<sb (Highway Driving) 

<oT[b^liJ(5ir fij)fp(5XTm(S)5)i—(5V (Robot Benchmark) aa&dno §jrbp ^Gmamuj pmpfi^av paid $)pp(&) (j-ppampiu 
uifilpdaamoad QaiupiSlairaiad {^ampd Q&iuGupj pairpj. aSlamaam MKZ aaairup] o°o($urrrhZ (dlpjauaand 
piuarfld(pid d(pppj. (3<sl ipj aapp auaMTLpaah ^avavpj Qua^LLaodair idpjid (Swap a max) <s ^0 
r§li£lwp^ip(pGh 6^0 ®Sla£raa£r MKZ d(3jpar>p (Lpipppauanrr azrrrid QaavidpiauQp ^ppu uu51pdhi51a£r 

£g)(SD<55<55/T0/i). 



Qp(^)(d^aaas)(svu5l(sv pa(5tfhud&LDa& GUGmipSiuawlppab 


GUaMTip aw(j5 U U(j5p^laa)UJ LdS^LJiJ® QaiUlU UlUairuQppUUQld §?/D(o576yT<Siy 6^0 /^]/_fl/_/i) <55 L^lppj 

aaanavuSlav uuaamid Qaiup purjidpaair. 

LDfDfD 6)J6MTLq_&,6$)m ^abaVpj fff 6V) (51) UJ /7<o57 Q U a(pLda6V)6YT pid GUGMTLIj_ QpaWWaaVI id ^(SV (51)0/ /5/7/i) 

^auarraaavu uaanpudlav Qaairpaavid. u aauananuj adtppav 2 _i_ah rflfruppuuQdd. ajpaavrQau uiuawflpp 
Qpaanavaij u§))6)-i Qaiuiuuudd. 

anupaad rffrravada Q waySamu u uuaadu(p)p^l Qauaav^lpaDavr (SwduQlppjaupj aTLJULp? ^aupaarr 
Qaatj^ppiarrarr ^Lpuuani—d adduudpS) [bid auamLpamu (Sppaad Qaavidpid. (Swavid wpQpap) 
au aaavrd (Lpabanaav auppaav u apjaau u aan p/frrpanp avxajpSSqpuuppaaa pad (Sauapanpd (pas)pd(pd. 

(Sauap (o5)^ (panpu upp(a,u u6)avaa, udaau adipaviahan paa g-amflaanarrij uuaadudp^l ^(d(bp 
pwppjdip wap pi f wad an a avian an auamLpamud paamipu (Surra, (Lp ipiL/ w n aradpj u arrdaavad. ppanaab 
^)z_0/ udad dl aviahan a f_<55 jS) q3<55 a (dr cjp adanaavi an an au amip an uj a paamrLpu (Suaa (LpupiLi d. 

pwrdaad(5)d (SaaQaanan filLppuud ap^adlujaav aam® l 51Lpppav 

dpi(Sprrd aLflppi aaanav an an an uj ppijdidldipd. ^a (3(51/ fid a an a nan avu5 ad anananananujd a,amdSlav 
ar(]dpp]dQaaanan (Sanam(p)d. ^anannpj Qaiuiu appp aiarrluj anLfl pjjij 2 _ amrfl <55 anan ananppj anavpj wppjd 
^)/_ 0 / Lip a a (jft) ao(Suj arrp panwaadad pjjijd QprflppjQanahanpjpnad. pwdaaddw (SanQda anan 
rffLppui_d ap^adluj aav aamdiShpu up] (p^anpadw idlaavid dpu u nan anySujna ^(ipd(pd. 
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&yjrr mm(i))md)6vrrm(5V iSl&b a=d&,rr ^dar&Grrl&h ®nmujfS)6V <g £0 z^<siS)/$<^(a)<95/Tz2_^(iyzi) (GPS), 

mf/rym (Lp^irLiipm Qurr^m&^m ^6$)i_iurrmm &,6m(f)Q&,rrmmd ^l^ili i_i&d&,u ui_d &(rjj6)5hLim 
Q u rry^fa.u u G&>6$)6udG&jf)u ^Gujf)Gm/niL/m uiusiruQ^svrrm. 

^mn 5 ? Qi5ifl<s)ShjLi&<srr 

1. Researchgate. net - uploaded by Udo Frese 

2. RobotBenchmark - Highway Driving 

(°£j£Qpm_rfl(SV ^(f)^ «lL(5)<o5)/77 Grr5$!J65fluj<sb oS) (glam (Laws of Robotics) 

mosflp, 2 _ 0 <si/ <5J[B§)lrr&ST (Humanoid) Gdl&DrrGUrr&, fF>i—d>p>d). <5JUULp (oiftflpsisflsir ^6)l&r(uu&y? 
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Robotics 14. <oTr 5 @>lrj<sisfluj<sb <sfi)G>l&m (Laws of Robotics) 


gg&rrd ^^(SmrrGiJ (Isaac Asimov) gtsstuguj umsrbi—Gtr U 6 V& 65 ) 6 vd&L£&£ 6 $ 6 V 2 _o 5 )/j? Qgu^UiSUugv (Biochemistry) 
QujrrdlffUuf ldidtuld 6T(Lgd>&)rr6mj. ^plGdhuGV &rrrfr5£5 &(rTj£g]&dr, G&rrLAurrQ&dr, &6m($)iSlLq-LJLi&6rr 

^dhUGUjf)65)JT)U UfTLDIJ LDd&iQtyLD L/ff^jd Q&rrGfTiQtyLC)UUj. <o76yf)<5/7£5 6T(Lg&)u iSl [J LJ 60 LD fTGSTGUij. ^plG)SluJGV 

i^G$) 6 ST& 6 $)£F,&&rr]GV (Lp 65 r( 365 rrrLp. ^d&rrpGmry&QrTrrGV Q 0=6060 mu Sh[r&i5&>l6V 6^0 gt^lSgst 6 )?Lpdd) 
rfl 6 vd(&)Lfid(&} (impact crater) ^] 6 oj QuiuGrr f^i—u ulA( pirnmay. 



t^&rrd ^dlC^Lorrso (oTQp^luj (6Tr5G9y65T Q^rr^rxsvQrBrrd^ 


6rd@>)rr65fhu6Vid&rr65r pLp6jrtni 6fi)6$&65)6tr £g)<si//7 1942 £g)o3 <s^0 ^ipjo,65)p,ii5l6V ^j]f(jp&>uu(f)d)(f(5wrrrr. 
1950 $j<sb Q606rfhi5h_uuiAL_ (( 6TtB^cr65rrrS)uj $^6®” (I, Robot) Q&>rr(&j uiSIgvild G&fd&u u 

1. (Lpp>6V 6)SI^I - 6^0 6Tjf^\[J65T LD65fl^d&(6)l]jd(&)£ $fr]§>l65)Lpd&d <^l/_/70/ LDfflTJJLD LD65flpf& (G0<$0<5 

GrBpd&^Lq-iu (SrBtj^^lGb Q&iuGVtpir) rfl65)6Vifil6i 3 ^(i^d^d £^_z_/70/. 

2. ^rTGmi—rrGug] gSIS^I - <s ^0 Grf&lUjdsT LD65fl^d^6tfl65r o>L2i_65)mo>(6n ) d(0)d dLpu u Lpiu Q606m(f)LD, 
<S4Git gu rrjru dLpu u Lpsooy (Lpp>60 6i51^ld(^ (Lprrsmrro, ^(^f^rrQGvrrL^hu. 

3. (ypGvrjT) rrGLioy <si5)^) - <^0 Grf&lUjdsT ^gstgdgstu urr^jo,rrd>^jdQo,rr6rr6fT (S606m(f)LD, <sy^p>6$)&uj 

u rrayarru ip (Lpp >60 <s>J6V6vpy y6Mn_rrLD 6)51^1 a, (6 tF)I_63t (LprrsMru i_rrp> Guonrr. 


^3i®d>A3 L-l6nGST&>6n&)&>6rfl6V (Lfi(L£> (3&rr6fr&6fr ld pry ld LDsAlp, (°j)65Trdo>6rfl65T <syij<9=mh]o,d>§)lfD(f) 

Grf&lijGST&sfT QurrypuGujnuoy QurrGV 6ofp, iSlssrovry ^pIgOIiugo i_i65)65r^65)^uSl6V, ^gy£)G >lditgo 

rBrrGfr&rrGugj 6)51 ^Igduj 2 _(i]j6urrdS>) OtL^ujld GiSl^hurr^ LDjpjr) 6i5}^&(6ri)dQ&6V6vrrLb (Lp6trurr&d 

(3 £77(90/777. 


0. 6^0 61 if)S)llJ 65T LD6$fj&) (°£)65r£§]d(& ) £ $fr]S)(5S)Lpd&d <9^lZ_/70/, LDjf)ipjLD LD6$f]&) (°£) 65T£5§] d (&,£ ^/E/0 
(S/5/7<S£^l^(U QtB^^lGV Q<9=lU6Vtf)JD tfl 65) 6V LlSl 6V £g)0<$£5c$ £^lZ_/70/. 
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(Lpddhud (gjjfluLi: GLDrf)&,6mL_ 6)516)&6rr ^if)l6)5hiJ6b ff^hurra, 2 _(nj 6 u rrd&u u lLi—65)gu ^gogo. ^jG5)Gu 
z_/(o5)(o57c55(o5)^ 6J(Lpfp>rr6nyrr6V ^(tt^gu rrd&u u Ldi_65)6u. 

<5J[b 6))rr&sr&m ^iugoiSIGgoGuj j^{5&> Gi516)(Lp65)ir)&65)6rTLj lSIgstuiptug y^lG0G5)G0. GifS) rr65T&65)6n ^qt^gu rrd^LD 
LD65flp,y&,GfTp,rr65T flrrGV 6T(Lp&yLD Gurrgj ffGuf65) fp ldgstSOgo Q&rrsm® 6T(Lgp> (Sgugmt® ld. &r565)&pfi}6b 
p,jp(3u rT^jGfTGn ^jul/ctgii 6Tr5$5lrj65T&6n Gurr65Tjp65)6u LD65flp,j&,(6TF,d(^f $rd](&) G)5l65)GYTG)51dS)(3iprrLb 6T65TU65)p> 
^phym ^ljp65Tjpjp65)6u. g 51 uf^jd&,65)6rrf (LpifQp prrrySyl&m (bumpers), (old#fid65)&> 6 ^gS\ 6T(Lpu iSI&gtt 

(warning beepers), urr^j^rruLjd (safety cages) y^GOGVoy ^Ld(f)uu(f)fp,uuLdi_ 6rU 65$)l &GV fr 

(restricted access zones) Gurr65Tjp ugv urr&y&rruLi ^65)LDUL_i&6tt 2_6m(f). pipGurr&y p>iurrrf]d&u u(f)Lb 

^^lfBG)J(5sr Grpfi^ rj65T&6rmGV&n.L- GLDtp&Gmi— Gif^lgGsHiUGO g> 51 §)&65) Gnu ipflf^j Q&rrmsYTGp ld 

fF>65)L _ (Lp65)7)LJ U(ff<5)6pLt> ^lUGVrr^J. 

LD<sisf}&) £_0<si j (oTjf^ltjdr (Humanoid) a$?68)£7€U/7& pi—45*560 

<oT/5f%)/7W ^)iPG5TGTTG)5li—GV (Robot Benchmark) gtgstpq ^jG5)G55ruj pmh ££)8>JD(3) (Lp[5G5)^uj 

uu5jpf&65)6nd Q&iupiSlsirsxrf ^65)^d Q&iuGu&y ptrirfru. 

pmb (Lpp>d) &>u(f)65)yii56V urrrffp, uuld ^gvQ uu rryrrGsr NAO gtgstjp LDGsflp, 2 _ 0 <si/ < 0775 £ 5 )/ 7 W. £g)/s !/0 pguttgo 

6T65T65tQg)J GST 17) UGV Gif 6) JOS) GST 10 !_Bl_1 TJ <9}[[[JLC) (Lp LCpf^GU 65) TJuS\ (SO 6)565)^601 TT& /5Z_<$<95 65)6Lld& fUjGV 

GT(Lgp> GGUGMTflLD. 



LD<sPS?)<3) 2_0<S 11 (oTrB^tTGST 6)565)IJG1J f7<95 f5uf(£(5V 


urrGUGmGmurrd&Li) Qp,rri_djShuGp i_gst rfljrupgj &Lip&rryLi) Q^rrudj^Sljp^j. GTfB^rjGsr rfljrupgj &Lrp&nrrd>&)65r 

(LpGsr < 9 >z_ d(&jLC> Gurrgj, <^0 2 -Gmrfl Gif^IgGsr (LpGSTGsflqTjU U65)p>d &Gm(j))iS)Lp£&i] &>iq-& : >rnjd)G5)& > tflrn^^jLb. 

£g)/5<5 <95 lLi—£6)gv filfrup&ii &Lp&rrp£ 56 ) 6 V &rruuuu(f)Lb (S/5/jzi) Q&iuGvSiljpGST gtgst uSHGp Qo=iuujuu(f) flippy. 
61 f>S)fJ GST S(S Lp 6)51 (Lp fay G)5 lLI—TTGV ^GVGV&y ^GOILpf^J Q&6V6V (Lp ILIGSTJT) U GO 30 6)51GST rr Lp GYT p> GMT l_LD 
G&yd&uuQLD. ^OjGst 2_i_®S)g$t Q&fhjyTjfay rfl65)6V goldluld 20 Q&. l£. g51l_ §>(§Lp Q&GSTjprrGV <syfp>65)&uj 

tfl 65)60 'S*J65)l_[Bp ) g > J GJGSTfT}] (LpiZj-Gp Q&UJ ILILJ U (J) if. 

6 TLJUU)- £§)/ip 6 Tp^fJ 6 sFlm QgU^SGS)^ LJUgl? 
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r§r£]&m (g(j[B&) OT/5§^/7<off)<057<95 &l1®lju(b)jb§jli) gs) udy^rfGsr rfjlrrGDGVu u nfjGBGBtTGV, ‘forward.motion ’ GTGzrir) 
G&rruLSlGVishsn (s^iud&dG&fr <^/2_@S/d0/ (drug] Q^ffUL/Lb. 

£g)/5<5 ^lud&LD 1360 uSIgvqSI G^rBrn^^dr (lSIqSI) ^L^d^LD. (^gidgb (°£)[rGm(B) u(^^l&,Gnrr&,u iSlrfld&Gvmb: (Lpp>GV 
u($)§)l 360 u 5)<@5) fiorTLDrrGzrgi Q^rri—d^ tSlGS)Gmi5lG61(r^rB^j GT[B&)lrrG$)GST rBi—d&^B Qp,m_rd(^LD G^/t/d/d 
^GDLDGL/d^d (posture) Q&rrGm® gl / 0 /A ^crGmi—rrGu&j u^S) 1000 lSIgA, ^j^rrGu^j <^0 GfilGsmisy, ^L^d(^LD 
/ 5 <o 5 )/_ frLpfod) (walk cycle) ^ 0 /A £g) < 55)^5 lSgmt(^ild lSgmtQld Q&iuiLjLb Gurrgj GitB^Ctdr Qprri—rfrBgj tBi—[B^J 
Q&rrGmGi— £g)0<950/A 

/5<o5)/_ G<oi/<95(35<o5)<f5 (Sldgvild (Sldldu fird&Grr (Lpiujpdl Q&iLnuGvrrLC). ^lud&dG&rruiSlGV [bgs)l_ &rLpjpd) 

^lud&^pyd^u uiugstu^^^u u(p)m arrsv^GrrlGST G^GuGlGurr^ r£lG$)Gvd(&)LDrrG$r ^gdldul_i&,gtt 

((§ rr Lp ili gxt& Grid) 2_GfrGrrG$r. ^[Bp,d G&rruGmu Giflurj ^iSIgtv ^GVGVgj GrdQ&GV GurrGirjD <s£0 Gdhfl^rrGrrlGV 
S)lfD[E>&jJ LDrrfDfDfd&GfT Q&iu&j lBgmtQld (S&uSld&GvrrLC). 

[5<sirrfil QptflaShjLi&m 

1. Isaac Asimov - Robot Visions - Wikipedia 

2. RobotBenchmark - Humanoid Sprint 

(°£]£Qprri_(flGV ^@< 95<5 ^lLQ)g^)ij: <oTd&lr r<sis)i dc&} r£)ij<sb <oT(Lg§jL£> GUGm&aGfT 

GU (off)/7<9> GS)GV [flIJGV UJJDpl&GYT. GTGlflprrd&LJUL-L- 2_GS)!J rfjl JGVrrd&LD. (°£]G$)l_r£lG$)GV rfllJGV ^UJJDpl&GYT. 

(Lp(Lg)G$)LDiLirrGtr rflpGvrrd& QLDrrLfl&Grr. LDGsflp 2 _ 0 <oi/ gtfb^Ujgst (humanoid) QtB(^tB^^rrGS)GV rBi—£B£BGV 

(marathon). 
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Robotics 15. OT/K@/rgpf<55rg r£)rj<sb <oT(Lg>§]Lb 6u<ss)&&6rr 

&763)/7<£63)<SD rfljJGO 

rflrjGV (5J6XTJ7)rrGV gjgstgst'/ &rr(rirjDrr&, ^gstgst o=L^d(GS)(G^ &lG$)i_^&>rr6V ^gstgst Ggugdgvgdiu^ Q&uj <o7w/p/ pmc) 

r£lp6vrrd& QLDrrLflifilsv ^(Lg^GerriL. d]ruGud^(^d(^d ^L^GSTLDrrGm^j. ^)^//5@/_y uS>l6vrr&> < FuSlidpGin&d^ 

6^0 Ul (LpL£) Q(SU6$)6Vd(&) LDjf) Qf^rTQT) Ul 6561D65 (L/LD ^(Lg^gJLJ Guml® GS)fD<d> (S^,GS)GU (U rTOSTU LIj_ 

^6$)6md& (gj) m gviG l ld 6$Tfr)aGV d try gu rr& surra) Q&ujili (Lp ld)-U-I ld. ^LDLDu^lfi ^(Lp^^juCSurr^Gu^rrGV 
^LD(Lp&s)fDamu drag-and-drop rflpsvrrd&LD GTsirru ld Quugvgvgvuld. ^laugd^u iSIgugstugv (^rBU>u ui_rd<ush 

LDtpruLD ^&s)Gmui_i&,Gdl(sSl(rT)[B^i (Su,gs)gijuju&u 2_6$)rr&,6$)sn^ u>rrG(sn ^ujjDpld Q^ustd^ld. ^L,!})] guili^j 

LDpruLD ^gy^/D® (Smfou l^l_ d)fri]Gud&(Grpd^d &rDfr]jdG)&rrmm GTG(fl£BrrGzr§j. gtld^olq. (MR g_0QJrT(9S(^1lU 

GrPc^firTllg ( Scratch) gtgupq QldulSi 65/7W ujGUGvrr&d ^ou^uQuugv GIgvG&w (Lego) rffngjGUGULD 

l^ghvl! (Boost) LD/ngum 6$)m6mi^®vi_rrrrm®v (Mindstorms) GrrF,^UjGU<ui^u ) d(u ) ^(Su,Gu ugstjj) gugv)[j&gis)gv rflrjGV 
GlLDULplGmu Qg±i srrhid lL® Gusnuju, gu. G&pLShurr 2 Gurr&ujr) ldjbjj) &)gv GrrF ) ^UjGU<ui^u ) d(u ) LD £g) ld ld rr6)l jfl 
gu surra an gv rffrrsvrrda Qldul^I 2 _gmt(j)). 



6U6$)[ra<sis)(5V rflrrGV ^iujdj^I 
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«Tfirf)^/r<»65L}iJi_li_ 2 —<o8)fj rSluGorrd&LD 

12 gulu^j ldjp^jld jd( 5 GldjpulAi— dlfrpsuri&srr £-6t)p rflpsvrrd&Lb Q^iuiLiQpipiLi ld. ^strrrsv ^rrsurr, 

st)uprrstr Gurr strip (jp (Lp st) ldlli rrstr rflrj6imd& QLDrrLfl&srilsv usv dld&svrrstr ^Ld&rti&sn ^(rpLJu^rrsv 

^jGU j&,(GTF,d(^ L^&,Gl/LD &L£)-(5tTLDrr& ^(Tpd(^LD. ^LDLDrT^lffl dd&SVrTSST ^ LD^Aj &, St) STT sdlsvddl 

(oTQifl^nd&Lju lL i rflrjGV Q LDrrLfi&svsn Qsvsdud (pish srrrrrrash. & rrstr tprr&, sm^Lfikurr 2 siddlrrspidf^ ^G^urr 

(Aseba) si strip GTsrfJprrd&uuLAL_ 2 _st)p r£lrjsb Q ldsl^siduj Qsusdu3lLA(^)shsrTrrj&,sh. 

$)<o$)i—r£)<ot)<so rglrjGV ^jujjpjSl^m 

&^(^srr rflfrxisustTLb iSlsnrrdsSl (Blockly) si strip rffpsv Q LDrrL^st)iu ^(i^su rrdSliLjshsnstrj. ^jdilsv u i_rd&,(srr,d(^u 
u&>lsvrr& 2 _st)fjd Q&rrtp&srr Q&rrsttn _ &LAst)i_&>sh ^srrsrrstr. dirgsurr&sh ^[ 5 &)d &LAst)i_3,st)sn ^(Lpp^j u 
GumlQ^ (drag-and-drop) Gpsmsuiu rrstr u ip ^st)sttrd&,svrrLD. (gfigi susvrr&smsv rfihjsv (^uJtpir%&(^d(&}Lb 
S-St)lT rfllJGV 61 (LQ&A Gil &) JP(&jL£) £g) St) I—$ St) SV LLI /T<95 LI U LUStTU @S/£)0/. £g)0/ 9 SUUJ^J LDJPjrgLD GlDJPU lAl_ 

dlirjjGijd&iStyd^d ^iprudQ^rrsrrsrr sisufl^rrstr^j. 



@6WL^l6W6U [gl[J6U @U_jn)J§l 


( Lp(Lg 6 t)L£>iun 6 tr r£lij<soiTd& QLDULfil&m 

2 _iurrrflst)svu usrrsd mipipjLb ^sv spi rd Limsttrsu rr&sh Gprapuj rr&, Qp(Lpst) lduj rrstr rffrrsvrrd&i Q LDrrjJ)&,st)snd 
&=>rp^jd Q&rrsrrsuG&i Gldjp&,ssstl_ r£)psvrrd& susm&asrflsv sppsrrsii uuSlipd) ^(rprB^rrsv iSImsi/ld 

6isrf]p>rr&> £g)0<s0/A &)svsvrrs)dhpst)iLb uSl&GpLb aipssrLDsvsv. (Lp(Lpss)LDiu rrstr rffrrsvrrda QLDrrLfSl&srrlsv 
§>Lp&6ttTI— ULLIStT&SfT SYTSTTStT: 

• ^su/pdOsv tfdS) sumupp rfhjsv Qprr^uip^srr 2 _srrsnstr. ^suipst) ip st)sad>^j 2 _rd&srr sipd) rrss)ssr 
iS)pu5)d& st)sud(3) ld fhu Gsust)sv&,st)srrd Q&iliuj sttsud&svrrLb. 
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• p>Lpl LpfirT® LDJBfQJLD ^pS^lLI GH G)S) GO U GGT (3 UfTL-L^^GiflGO <95(SD/50/ 0<95 [TGrTGUGOfTLD. 

• fifrj&GfT Gfi)G$)GYTiLirrLli—rr& &,jf)jrudQ&rrGMTi_rrGV ul^ljg^u (lpl^^^jg^lL^) GTLDLDrr^lfl (3 gugidgv<£(&>& 

Q&GSTfT)rTGQILD g)/5^ZJf LUlSl/fiff) g-fTLJ&JGVGmiLIrr& £g)0<950Z_D. 

LDGsfl&y g.0617 GrpSyliTGir (humanoid) Q/5(5)/5©£/rca>6tf [BI—^gv (marathon) 

ct/ 5 @/ 7 W &)[QG5TGHG)S)i gv (Robot Benchmark) GTGSTfQ ^g)/5<5 ^g) GV)Gmiu pGnp63)GV pmo (LpfbGS)&>iu 

uifilt])d)&GS)GrTd Q&ujpiSlGtrGzrp ^g$)£ 5d Q&iuGu&jj tBGirru. <s^0 ( 3 prr( 3 urrLGj.Grv OP2 gtg£tit) ldgs?}<ef> 2_0<si/ 

GTfF)§>lIJG$)G$T g^SjGGT u5l GftT&GV LD ^JT^J^GV ^Lpd(^LD (LpGGTGSTfj &^LGj.UJ ^GUGl/ Q{5®rTGDGV [5l—d& GS)GLld(^LD 
&GU rTGV. 



LD(5tf)&> 2-061/ <o775@#W Q/5@/5/7(^D(SD /5Z_d5<£(51? 


{§)]§) <si3 (Lfiddliu d) jt) g$t gw Gy GT[B§))rrGw uiuGmid Q&IU&, &flfjLb&>rrGZr. ©00<siy<950 ^gdgmtuj rr&, £g)0<950/i) x- 

<sydd)GV Gifid)rjGsfl ggt ^prrmu ldpo^jiB ^ruS) r£)Gir>Gvd(&} ^gs)i_(3ujujgggt apfrrLD. gt$S)(jg£t §>(§Lp <si$(£p/50/ 
<S1$/2_Z_/T(S{) ^GVGV^J ^GULpfB^J Q&GVGO (LfiUJGSTT) fTGV ^GYTG^Q) £>_/_ GGTLGj_LUrT&> (LpLGj. /£0/<Sl5)(J)LD. 

ROBOTIS OP2 gjggtjj) Quiurf Q&rrGmi _ £g)/50 Grp&ifjGST /5/_<950/i) urrGttfl (SLDGVrrGnrr (RobotisOp2GaitManager) 
GTGSTfD GG)US)fTGGT f§l !JGG)GO LJ U UJG$TU @007S)/D0/. 

£g)/50 fBGG)L_ (3LDGVrrGYTjflGGT <S>i GYTGLI (JTjd&GmGYT fifrJ&GfT (3&>G$)G)jd(3&,jr)U ^GlrflLJUUJGSmd&GOfTLD. (°£j<9)G5T ^LpGOLD 
d\fDfbp> Q&iUGv6)tr)Gir>GtT £_(!])gu rrd^Gu^jD&rrGGT <^0 ^gdldu i_i <95 Gm®iS)Lq-LJU§j &rr£6)iu(3LD. 

p<o&TfS\ Q$[flG)SUjLI&ffl 

1. Scratch - block-based visual programming language by MIT Media Labs 

2. Blockly - block-based visual programming language by Google 

3. RobotBenchmark - Humanoid Marathon 

^^Qprri—fflGV ^@00 <$/2_(5)<off)/77 untj^&jju iSI(oirQ^rTi—!J^(sb (Visual Tracking) 
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6^0 (&)LpuuLDrr&tf (g^Lptsfilsv r 5 &(ijLC) Q u rrqTjGnGnd) Qprri—rrrBgj &(5m&rr(5tfsfl^(5V. QgujdjS < 5 i 5 )ffl^^(o 5 )^ 

G>/JD/i)U@ 650/(51/0/ (olLJULql? 


Robotics 16. u rrrf<S!S)GiJ Qp<soih iSl<mQp rri—!J$<sb (Visual 

Tracking) 


(g )/5<5 (^GfrGmuiSlsv (^crf]Gijj^LGirL-[jrruj(h) ®tip6ZT < 3uff)ii5l6ZT LjGm&uui—d &opdfl(5mij orx5ud<^l <5^0 

QurrcrFtG^(5n ^G^i—iurroTTLC) <$< 5337 ( 5 ) ^®s)<3ju LSlGirQ^rri—j^d ®/_!_/_< 55 <53)0 Q&iuduChlddl gljIgu jrd&dr 

Q&rr(h)<p&)i(ofr(5rTrri] £§)<53>0 £g)/z_/<$0/i) n^6m&i^®uu@£6?l ^rrQifilGszrrr. ^rrQifilGGxm ld/dtulc) &}jd6£t 
Gu^gduj^ ldjdjd urr&dj&dr <5i//7/E/<$ Q&gvqj <$ 10 / 7/7 (Wjurnu 5000 <57<5^®(537/d/ 7/7. £g)/50 Q&luqSI u(GfF,(ff^ 
2mii_gdgv 6ULfthurr&d &rrQ(5mrr®i?l(5ir>ujd <$(533f?<53ft$0 ^gn/L/f-/®//^/. £g)/50<$ <$/7Q<5337/7<5yfl/z5)(5i5)0/50/ pLDdt&jd) 
G&>6$)6uuj rrGxr £_0<5i/0(53)0 / 5 / 7 /i) rrmid) &rr<5m (3(51/< 5337 ( 5 ) 10 . ^//jg G^uudr d)oSl (OpenCV) Gidr/j) 

§)fDp&> ^LfiGV QldgmQ urrQ^GDGYTu uiLKdru^^^jSlQpmb. 



^,(5OTL/7/7(/j@ ^Ip^QudluSldr rffLpsvui—d <$0(Si5) ^lpgvld urrijd^ju iSldrQ^rri^rf^d) 


“&6m&rr(5tfsfld(&)LC) Qurr^dr GjrdQ^GVGvrrLD Q&ddljr) (§0/7 ^ rdQ&dGvrrLD r$ Lpdu i—d&Qpdil ^Iq^ldlSIu 

umjd& (3<si/( 0537 ( 5 )z_i ^dru^j GT&sTGpiGni—UJ (Lpp>d) (^jfldG&rrdr. 6^0 0/7 oi u /5 <53)00 ^jijd>^ ^(J)< 5 ii/ 0 / (Surr<sv 
$< 5337 $ uGmfld 0 id Qurr^dr (Su rr(^id i_Q LDGVGvrrm Gidr GTfB^lrrdr iSldrGxrrrd) <s£/_ (§< 51 /( 5337 ( 5)10 Gidru^j 

(57 df GG) I (56) L LLI IJGMTL 17 LD (Gjd))d (3<55/7(517. 670® [7GSpl (537~0 (53) (50 Z/5) gp /GTTGU fjlLOGVU /_<$<$0(5l5? §?l 0ID ud&^LGj.UJ 
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^gdldu lSIgv Qurr@£puuL-®ffl<srTgj. ^^Ggu ^j^GGrrrGV £ g )/_( 7 p / i ), gugvqpld, Qldgvild. d(Lg>Li) ^gdgvgduj^ 
6$ 0 LJiSlLI umjd&> (LpUyiLfLC). ” 

9(3 (g)Lpu UL c>n<si5r (^Lp<sSI<sb tb^q^lb Qunq^G^m^ Qprri—ijrBgi &6mair<s®sfl^<sb 

(oTrB^lijGir GjlfDGXTGnGtfh—GV (Robot Benchmark) GiGMfio ^g )/50 ^GDGmiu 'pm^Gjlsv pma (Lprb®s)&,uj 

uuSljf)^&,GDGnd Q&iu&iiSlsirszrrT ^]GS)^d Q^ujgu^j pGirru. <^0 syujGurr (Aibo) GT[B^lrrGS)Gm Q u rry^LA^Gn 
d\^pSld @ LpUu ld nGzr (&,Lp 6 > 5 )<si> rB&QjjLC) <^0 rruurr giitt^gs)^^ Q pm—jpg] &Gm&rrGMfld& 

GgUGMT® LD GJGGTUSy^rTGGT 0=GUrTGV. 



/5<*0zi) juuij (surrd&n&d aGmarrGttfld&GV 


r£lpGvrrd& Gnu^rrGST. filLp/Dui—d c$0<si$ Qu/7000L7z_jzi_ij/_0<i0zi) GipS^rTGir ld rr^lrfl uj rrm^j pmu 

2 _0<si/zi) Q&rrGmi _ G&rrGsfl goGurr rr-^rjGTGro -7 (Sony Aibo ERS- 7 ) ^0/A ^^GrrrrGV o^ggt ^gdgvgduj^ GilqjjLJiSl 
GrddlGft&uSlGViLC) urrrrda (LpLyiL/LD. LD/rjjryLb / 5 / 7 /i) &Gm&rrGMfld& Ggu GMTLyuj ^Gvd(^u QurrqjjGfr Gpqjj ld^^gtt 

GU GMT GMT fJLJUf} (517/7650/ ^(GFjLD. 
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GrrB^rjGsflGV gugv^j &tL_L q.Gmu Q&rrQdtd) &rrLid) &rTGnijg>Gm& > d> 6}fDd& (t/dz^/l/ld. GrrB^lfjGir urrrrd^LD $£i<sskfuSIgv 
filLpiDui—d &> 0(5i5)«@^ Q^rfliL/LC) &mld) £g)/5<5 &rTGtrfjd)6^Gb Q^fUL/LD. 

£g)/5</5</5 &>lir)(riT ^guglU i_gv 2 filLSh—frj&dr ldidtuld 20 ofl/gr iLq-&>Gh ^L^d(^LD. rruurr gu rr^Gn^ Qprri—rrrBgj 

&, GMT&,UGmfld (&)LD (51®S)6565 65 GDGU^^J Q&ILIGV®ID gf)/<% 0 LD^) LI QUGm ^ G1?ld&UU (J)ffl/7)^/ . ^^fTGU^j 

GTd>S)6$)G$T ^65615)®65 &LLl— <55/57<55(Syfl(Sl3 t§l LpGV U L _ GnLDlU^&jlGV /5/7/i) &Gm&rTGttfld(£Lb QufT^Gn uS^Gl/ 

(qI&UJUJLJUlLi _ <3jJ GJ&STUgtJ^rr&ST Q&ILIGV SjIJD&ST ^GUGl/. 

QeujojSl q$}£)<5<565><5 Gldldu(^)^§jgu§j <otuui\\2? 

(Lpddhu geodes)&> ^pGm® pGisflu uGmfl&Gnrr&u iSlrflpgjd Q&rrGfTGYTGvrrLb. (Lp^GV uGwsfl rtjly^roui_d 
<950<si$//5)q3 ^6vd(£Lj Qurr(rF)6$)®rT£5 giGV®ShuLDrr&d ^Gmrupl^GV. ^[TGmurrGu^j uGinsfl r£lLpjf)ui_d c£0q5)<o3)/zj 

^&,GVG1I rfUL^GVI LD 2_IU fTG)J fTL-Up GO I LD SjlQTjUlSl ^GVd(£LJ Q U rr^GPfQTTLJ Ul_d>&)lGGT GS) LD (U (SgoG (U 

^(r^d(^LDrrru urrrrpgjd Q^rrm^^GV. 
pGSTtfil Q&>dG)51 UL_l&GfT 

1. Object Tracking Robot - By Nikus - INSTRUCTABLES 

2. RobotBenchmark - Visual Tracking 

^^Qprri—fflGV ^gy(5)<5<5 &>l-($)gs)[j: <oTp§ijj<s&Tat-LQuu($)£§$am 

gjgzt <syrr(hl)u5)(SGtrrr? gjgst prrGrvQurfl Gnu? (^Gnir)[5^ Q&gvgAgv G^rr&srdurru (Shonkbot) 
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Robotics 17. <oTp§lrj<s6t aLLQuuQp&ilam 


anp^cTssfldr ^LpG^Grr gigst^j Q&rTGVGvd&^Lq-iu c 95 /_l@z_yu/TZ_!_@ <simDiuLon <55 Q&iligv Ljrfliu [BLi)d(^ <^0 
iy(5m&L-®UU®£6?l ^GOGV^J < 55 (SSsfl(SsFl Gp>G$)GU. fB^(TT)L£) GTfB^UjGST GTGXTJD[TGV £g) 0 / (off)< 55 //_//_< 55 < 55 /_D/ 7<55 £g) 0 /_//_J 0 / 
^GudUuLD. Gldgvild (Lpd^liuLorra, &^G$)Gmd&(i]jGfi)&Grr, §5)/d/5<5 (+P^d rflrjGV (LpGsrLDrr^ld&,Gn, G& gytg )51 uS)gv 
LD6$TJ])ni]&6rT <§)000™3 / 5 / 7 /i) Q&UJUJ (LDlLIGVILb (3(S1/(o&)(SD<55(<<0<950 LlSl&GpLb 2_</5<SlS)//_//7<55 £g)0<550/i). 

^gi// 7 ( 5 )// 5 )( 3 (o 57/7 (Arduino) Gurr&srjn n^Gm&LLQuuQ^^&^Lb LDjpngjLb prrGrvQurfl gs)U (Raspberry Pi) Gurr&STjr) 
6$)&uji—d&d &6mfl®sb&(m ) Lb ^^G^ gdgu ^ gdgttQ (UGVGvrrLb L^rr^S) Q&iuiud ^ l ^ iug ^ gu . 

Gjjsir * giifQuSIGaMT? 

0 / Gm&L-QuuQpSil&Grr 6^0 G/ 5/7 £&)1 gv GpGrj GGUGmGVGmud Q^iuiud^isyiuG^Ga. ^& Ggu g-ry&Grr 
(P)d)ld(§&rrGrT s^0 GiGrihu Ggugdgvgduj^ &)(P)Lbud> ^(jpidud Q&ujuj Ggugmt(p)Q LDGsrjprrGV 
^IGMT&,iP.(p)uu(p)^^lGuj Gurraym. 

a=fBGS)p,il5lGV UGV JTjJGm &lP(p)UU(p)^S)l&6YT ^)0ci0/i)G/_J/70/ 0/7/i) GJGZT ^[fulfilG g$T rTG$)GULJ 

ufflib^jG^crddlQprrLb? (Lpp>GvrrGup>rr&> ^j^lGV gjgstQgstgstgst lPgstgst gm)i g)51ujgv u rr&rd&GX)Gnu 
uujGmuQ)£^iijGnGnrrd&Grr GTGirtr) gSIgu rrd(^plu i_i&,gs)gyt (Lp(LpGu^jLDrra, Q g±i Grrhid lP ® GUGurrya, gtt. ^@< 50 / 
^)0/Dc55/7ot QldgztQu /70/i.<55(g0/i) §5 )/d/50 (ypGvmrr&d dlGS)i_dSlGsrjr)Gsr. ldjdt) nyGm &LP®uu(i))£^&(^d(&} 
dlGVGVi Gl ld n l^IlSIgv (assembly language) fihjGV GT(Lgp> GGUGmQLD. £§)#*/ iSI^gl/ld &LpGSTLDrrG$r&y. 

^//7® llSKSGZmGfilGV [ 5 LDd (0 LSl&GpLC) Ufild&lULDnGZT C, C+ + LDJDjrgLD ®§/ 7 (Sl //7 (SufTGSTfD Q LD rT Lpl & Glfl GV $(JGV 
GT(Lg)^GVrrLD. GlOGVILD ^)(o5)0<55 OiGmflGsbiL/l_GST ^GDGm^Oy^ Gp>G$)GUILIrTGST LDrrjDJprdaGfT Q&lLJGUSyLD GTGufl^J. 

gjg£t ijrTGfvQuffl <smu? 

LDtryL-ijDid, ijrTGrbQurfJ gdu Qurrayu u lugstu mPQ)d&,rrGST 6^0 dphu <55 gssFIgsFI ^ 0 /i). £§) 0 y gSIG srdGuv 
^)//_//5j00(oY700//_(o57 <S1V0®/D0/, <^<55(3(51/ <^(3/7 (3 0/70 § 5 ) (SI) L/SD f§UjGba,GS)GTT £g)//_/<550/i) S)ltr)Gir £§)0/D0 2-GMTQ). 
fird&Gn d)d&GvrrGzr ($GUGG)GV&,G$)Gnd Q&ujuj GgugmtQ)QLDG srjprrGV 6^(3/7 GfF>fjd>^Gb ugv filpGV&GVGrT <^/_i/_ 
GGUGMrLyu31(rT)d(^Lb. ^jayGu rrGsrjr) GGUGmGV&GmGrrd Q&ujuj ijnGtvQufi gs)u (SurrGwjr) &G&sflG$flGuj 

Gp,GS)GUU U(p)LD. 

(9jG6)fD[5g> Q&<so<afi)<sb Gtynmdum 1 (Shonkbot) 

<g 0 0 /D// 50 <^/i-^-( 5 i @0 &d&urd&G$)GrTu Qurr(ir>ddl GUGmLQ-iurr&u uiuGsruCKd^lLb u5)&d ^d^GsrmrrGsr 

GTfb^hjGir @ 0 / GUGS)rrGuGsrrrGS)Guu Qurr(n ) d>&) rflpGb (ppGVLD p>G$)rru5)GV &rrd)p£6)lGV Gj(Lpp,GVmb. 
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(8j(5iS)(Dr58) Q&6V<sfi)(5V Gi^rr<drdurrLk <o775@#w 


<syrr(j))u51 ( 3(5$rrr [BrrGGSTrrGvxsu u uiLKsiruQtB&^d ^l_i_ljulLi—^j. £g)0 ULq_r$®r><sv LfilGirQurrfrd&m (stepper 
motors) <syGujf)d)l(5XT (^iud^&(6rF>i_6$T, 3 AA u5)(rir&6vrd&<ofr ^t,dhu(GS)Gu^rr(dr (Lpddhu urr&rd&srr. <^0 

^ <55 dd)GULJL-I (oTGV.^.Lfj-, (o^Gllfl LIj.^rr(drdGW Z_/7 LDJDfTjJLD 6£0 Gj> gSI U iSl G$) ILI d G&dpg) rTGV, QU /70/2_<95(o&)6y7 

iS)L£j-d&6)-i ld ^gy <sb gv§j ldjdjd G^rrGsrdu rrLd&,(GfF,i_Gsr Q^,rri_di_iQ&,rrGfTGYTG^ ld (j^u^ili LDnngj Gldldu rrQ) 
Q&iuiuGvrrd. 

r&mfi5l Q&ffioShjLj&m 

1. Shonkbot - Bristol Hackspace - Matthew Venn 

^t(T!)d>&> «l1(5)<o&)/7v Q<soG&rT l^gAlI. (Lego Boost) 

rflijGV (5i(Lp&>d &ij)(rL]dQ&rr<ofr6)jgj ^gstgdjwuj ^GS)GO(LpGS)fDd druGud<^(^d(^ ^Gudhud - QGvG&rr l^qvlAgs)l_ 
^)(/_/«0z_d S)tr)r5£5 qpgv rflpGV&Grr 
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Robotics 18. QeoG&rr &vlL (Lego Boost) 


GlsvCSarr (^m(^i^GrDi_rrjLi)Qro (Mindstorms) <57(riru§j u<sv l/^uj ^ LD&rd&m 2 _mm mrr^fi. (^cjklj iSl<s$)i ld 
urr&>! Q&GVGtflsb, urr&>! QLD(5^rdQ^Q)^G6)GV (Lpd&rr6VGurrd)d(&) Qldgv &=>ff)^jd Q&rrdrQrrd 
^gu rj&(Siflsir guiuS^Igv ^(smomu <si// 7 < 95 (§ 5 d&> / 7 W LDnS^Irfl G)6v($&,rr Lj^GrVLLpmsir. £^S>lsv uudjjjd) Q&iuiu 
2 _rd&, 6 rrU_LD <^0 goum!. ^<sv<sv^j ^(smL-prriu® ^(r^ds 5 G><si jGmQlLD. ld 

uujGiruQl^^GvrrLb gigst/tu Q&rrsvdltDrrrr&dr. ^Gzrrrd) ^GujrtplG^r dphu 6^1(5$)ij&GiflGV GUGS)rrui_rd&,Gd(^r 
G)51gu rrrd&,G^)mu urrrfuu^j &Lq.6zrLDrr& ^(rjjd&svrrLb. 



Q<sv(£arr L^suvid G)<sii[j<oisfl (Vernie) <^Lp(SvG)rBrdlu ulotl (track) (orrhdlrr&niLC). (°£)ujd(8jLD <5is)ad aswsfltoisfluSlGV ^@ld 

Q&iu®S1ilild 


r£lij<sb <oT(Lgpd &pn}jdQ&nm<5u&ii ^mm<s^)puj &<s$)<so(Lp@ntDd ^(SuffliuLD 


ldld n&$jfl QumJ)6mD&6ir>m urri_LDrr&> ^GVGvmDGV GdlGDGnuj rridi_rr&,(SGu art)fryd Q&rrmGu&j 

(oTQlfl^J. 


Qsu[f<ssFl (ui—ddl<svio°oiSlrrrrGird GT&hjr) l^gdgu, M.I.R. 4, 4000 LDjrtfQj ld ^iLQt—rr iSlsvi—ij ^dhu 

gorbgj QGUfojQGUfru (oirB^psm&dr& lL®ld gjGmQ&m Q^rr^u lSIgv gzt. ldjdpqj ld ^gujdGS) jj)d 

perron Q&ilksv (Lp^/D^^/i) Q&rr®d&uuLl®<5hm(5$r. ^d)§Ji—&fr 6^0 Qurr^&jjGurrd&rr&n 
Q&iuoShLiLb <oUQTj<oU&)n<sv (^suld dlnryGurr&m ^/_ GTGffl^rr&d &tf)frud Q&rrmorr (LfiL^LL/LD. 

Q&uj(5vrrd&(LpLb rShjGDrrd&Q-pLb (^ad&G^osf]u5)<sv [B6 vi_Q ujr)jd>]6$Tjr)6$T. Gldgvild (^gs)&, GrrrrGurr 

Gu&tGu^j Gurr&frjr) g^gS) Gdl&nsnGii&sh GTrB&)rrGST 6ULfliurr& ^jgvgvgldgv Gn&d&GttflGsfludlGir 

6p®SlQu((Tjd§>) GULfihurr& QsusriKSuj guqtjLd. 
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£|)/5c5 T,d, Q&>rr(&)U lSIgv Qld^^^lL 847 urr&rd&6h 2-6666657. £g)<si ijDjflsv (Lpd§>huLD665rgj rB6rf6y g^ldujld (Move 
Hub). (T^SflGV ^)/j(ow(J) 6)565)6666 Qu6(6 ) d>6>uuLL(]56rT6665T. (Sldgvild Q&iLKsvrrd&ry&m lurrcy/d) 
G^fr®s)i6rrG®rT(Suj [565) uQurydl 666)657. 2 _ 61666 65)666655(165flu56V 6T(Lg&)uJ 4(1 rr6V665)66 u [6^(5 [5 6ULfliu66 

£§)<5/D@ 6^165)1 U Lj LD. ^j65)6U 6>6)5[J 6£0 6^(arf) LDJ])fQ] LD <S4&ddl6ULIL/ 2_6557jflIL/LD, 6£0 <5<£sft 6)51 G^^IL/LD 
611(9)^6576)657. ^65)611 £g) [76557(5) LD [56[}6y 65) L£ UJ d)6jj L (oW 6LDl 51 [Lp6VLD (°f) 65)655766 U U ® d 6576)657. 

Q(5uCS«s5/rycybLl(S5)i_ ^jiud^LD GflfD[5& Qpov r£ljj<sb&<srr 

^611 (7666 Q<95/7®<5<5 U il5 Jj) d665)66 (Lp6>66l6V Q&lUlU6VrrLt). ^657660 ^ 611 6) pi 6V 6)Iff )/5^ (JLpo; 

Q 16 657Gl U 6(9) U6 65)66U U UJ 657U (Tf) 6)G( (S 1660116 Q 6 UJ6)96)16,6657 (LpddlUJ <66)9660. 

Gl6vG&rr y ) 6roiL(^}d(^ (°f) rr6557(if) (Surf S(p{56> [Lp60666 65) up 6657 4(lrr6b 69 (lq §>) iq6666657rf. $61666 ^6iip65)p 
(Lpujpd Q&iupj urrdd&6vrrLD. 

1 . 65 )uG) 6 v(S< 66 L^ 6 WlL pylgbst 

2 . 65 )UU 6 rbu. pybOOst 

^mfjSI Q<5floSluLi&m 

1. Lego Boost review - cnet.com 

^jpQp 6 urfl 60 &LL(jS)65)rj: 6WU6r}dd) (Sparki) <gHj(j)lu5KS<s&rrT(Arduino) <oTjp§flrj65T 6)5(jf)p6b 

(drag-and-drop) (Lp65)jr)u5l6V r§lrj6V 69(Lpp\p60 
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Robotics 19. <sw u rrrfddl (Sparki) <£>Hj($)u5)(J><ssrrT (Arduino) 

GTjp$rj<s&r 


rTL-Lq-dsrb (ArcBotics) GrburrfjdS) <^0 &rr& > mjGm Qurrm&riLDiLKSVGV. Gifb^ijGsfhuGh ujDjfliLiLb 
^i^uu(5&i—&6nrr6m^f$6fliij(sv LDjTjngj ld Q&>rrLfLlGvr^LAurd&GvmiLiLb LDrrGmGu jam lE^gl/ld i_ggt 

^jDrudQ^rrGrrGYT <s^0 <95 q3<si$«<95/7w ^gttld rr^LD. 



^fdumAnf-dsn) (srvurrrfdd) (orrB^ptdr 


orourrrrdd) r£lGnGVu ugytgE ldjj)^j ld 2 _uj rrr£lGnGVu ugugE LDrrGmGud&G$)Grr ^svd&rr&d Q&rrGmi—gj. 

Groumjd§>)d(& ) 4 AA Lffi&k&Gvrd&sn G^gdgu. fird&Grr GULpd& ld / 7 w &mj (alkaline) LEGST&Gvrd&Grr ^gvgv^j 
L^G m^LD lEgztGgztjdidgugvgv (rechargeable) LO&k&Gvrd&GnGnu uuJGmu®d,g)GvrrLb. 

0(o5)/D/5^ 6)SIg5)<so <5j[B^lrr(5M&,Gd(SV si/ 0 /i) LD6&GurrG$T l61 (AtgEIgg)^^gyt QurrGVGVGvrrLDGV (°£]§>1 gv ^jGVoShuLDrr^d 
&>lL® uu($\d)t£da*.Lq-iu ul^^gdgv LElG$TGEG$)<9 : &Gfr (stepper motors) ^-Gttgytgm. <^0 udGD^-^GVLD-dGU ui_i (u$d)) 
GTGV^Lq. (RGB LED) LDnjngj ld 6^0 QprrGsfl GpoSlQuj(LpuiSl 2 _Gm(i)). gtit,^ dlnruGurf&GiflGir GrddlrrGir&GiiflGViLb 
£g) GVGvrr <5 6^0 GTGvd)L£j- (LCD) <^mLd\d>^GG)!j <^z_ 2_Gm®. ^LD&rd&Grr ijLDLDnGV Q&iiJGVuQ^d&^Lq-UJ 

S)LLi—rd&>GX)Gnd &G&sfl<9 : LDrr& ^DL^ddlGujDGM. 
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£g) 0 / ^rf(j))u51(3(5Krrr jT^sm&LLQuuQdi^svuj (Arduino microcontroller) ^ Lpu uss)i_uj rra,d Q&rrsmi—gj. srsuQsu 
fird&srr <siS )0 ld iSl hi su upj £§)/ 5<5 GTfSjljGVisu Gldsvild sfl fsu rrda, (lpl^llild. 

g^rrm 2_smrfld &sm&su <^0 ^iq^Lbuda^L^iu iSi—pfi^sb Q lj u lLQsugusiu. stsstGsu ^psurrsv 

‘psnsvsmijf ’ §?0L7l5)z_7 urr\jd&> (Lp LpLLi ld. £§)<5/D@ g^srf? 2-smfi&su, (Lp(fj)d& LDrrssfl (accelerometer), 

^ufpLDU^sfl (magnetometer), ^^ddsuuLi ssmrfl (Surrshp use 2_smrfl&srT 2 _sususvt. ldjjqjqild <^0 
<Jl/<95 dd) <517 LJLI Q^rT(GS)GVG)ShudS)lLILb £-sm(f). 

QprrsDsvsflujddluj rrsv ^lud^LD fhj&nsv srvurrjddluflsv flrgsEKSiLi ^spiuLjdiprrd&>sir. frda,snrr&, rflrjsv 
6J(Lg)S)l (gfiujd&d a,ppjdQ&,rrsfT(su,LDS)Jss)p ^sv>p smsupgjp Qprrurd&svrrLD. srvumjddsmu <s£/_!_z_<5iyz_D 
LDppjLD disc <s>tLDurdasnsn (jpiupd Q&iu&j urrrfd&GiiLb (fffbjhd, QprrsDsvsfhuddssnuu 

uujsuuflfpuuusvrrLD. 

(^065 sjf^lpsDssr snsufap fird&srr dLpdasmismsu Gurrssrp use §jpsbasnsud &ppjd Q^usususvuld: 

• ^ psE [jppsv (Edge avoidance) 

• (S&mEsmi—p Qprri—fjpsv (Linefollowing) 

• /_/§?/j urrsir>pd(pp dyfsp a,rr smi psv (Maze solving) 

• <3tSU (o5 )up psEl upp^sv (Wall avoidance) 

• ^ss)pd(psrr susVLbsurjsv (Room navigation) 

• Qun(U)SftGn L8LLQi—(fj)d)<psb (Object retrieval) 

• spsiflsmup Qprri—fjpsv/psdlrjppsv (Follow/hide from light sources) 

• 2 _(psupss)p susmrjpsv (Shape drawing) 

• &6$sfls$fl 2_sustfl(f)psv (Computer input) 

• LDpp srvu rrudd&,(su,ussT sflsDSuuj rrflpsv 

sfOumjddKfiuSlQsurr (SparkiDuino) srsuupj swurrrfdd srddlrrspidfp rflrrsb ST(Lpp 2 _psip-b sp(p 6)lppp yrsc 
sp(prddss)smpp flpsvrrd& (p,Lpsv (IDE). 

sflflpsv (drag-and-drop) (Lpsnpuflsv rflrjsb ST(Lgpjpsv 

lEssI usnrrd (Minibloq) srsuupj ^rf(f)u5K3suusLid(^ sp(p Gnsnrr&snsv rflrjsb ^iupf)lujrr(pLb. 3 srodijmEd 

(Scratch) flpsvrrd&Lb Gurrsupj sjsEprrssr ^(Lpppj sflflpsv (drag-and-dtop) (Lpsnpufsv rflrjsb STQppsvrrLD. 
^]psir (Lpddliu Gprrd&LD usustfl LDusmsu j&sh&((oU>d(& ) flpsvrrd&LD &piSluu6)lsv ^-pspsaprripLD. (gfipj 
dpuurr& Qprri—d&, p(f)ppu LDppj ld 2_uj jflsnsvu ususE&sEsv srp^lussbujsv &ppjd Q&rrQd&u 
uiussruflppu u(f)dppj. 
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irkflin.pde 


ilitH 
p. i iVJ 

I J , , 


setup() 


inrfRortudi); 

Fleet count ■ ! ; 
whlleprue] 

{ 

m nai Oup ri ntkn( to unt) ; 

i ounl = j| i'tfgfit* }; 

); 

> 



r3<sirf$ QpiflQSluLi&m 

1. Adafruit Industries - Syarki 

2. Example Minibloq program showing serial communications and a counter by Gijs.noorlander - Wikimedia 

Commons 

^pQprri—jflsb «/2_(5)(o5)/7: LDjDfgjLD @}<so <oTjp§lij<oir Q^n^UL/^m Gm^LSKSiurr 2 (Thymio II), QsvG&rr 

G&mGmiCsrvi—rrpm srv (Lego Mindstorms), iSlijrrdSlQiurr (Braccio) (SJfB^rr&sr Qymdd) (Hexy) [Bi—d(^Lb 
(5775 $ /7W, i— fJLq. 6V u r tlL (Turtlebot) 
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Robotics 20. ldjd^ld §}<so GrrB^lfjGST QprrtgjULi&m 


<5T[£8$[T<oif G)0/70L7L/<S63)617 61//7/57070 (LfiGW 6500|§)<SU Q&msh<SfT <3<SU<SmU)-UJ<oS)<oll 

1. /z_//i0 <95 <55/755 <oT/5£i)/7w Q^u^ug^u Gurrry&u Gurrdlifid&GGrTrr *3\d>&> 617/7/0/ 6i7/7i7)Z_/<9500 
G>0/i0/i657 rglrjGV GT(Lp&jj ld gugd& ^SjIgv 2_Gmi_rr 676510/ (Lpd§2mLDrr& ^-ru^luuQl^^G^Lb. 

2. &jDfrudQ&rrGrrGrT ld l2(^i ld&) [tg3t 676510/161) firy&Grr u rrGUGVGmuj rrd^&,Gd(3Gv(3uj ^fD^jdQa^rrGtTGn 

(LpL^lL/LD. 2_rh]&GfT UGfTGufl lSIGgV fT, &GVGV[Tffl uSKSgV rT <^61)61)0/ ^snfjQGVrr 6£0 GTfB^rrGM GurTL-Lq-lfilGV 

urd($) QujryGugi] GurrGwjr) Qurfliu (^djldG&rrGmGn 65)61700/ <^0000 650/565 GTfB^lrrGm Qpm^uGinu 

617/7/5706170/ UILIGS)IGfTGfT Q&ILIGV. 

3. GTrB&tlrjGZT Q&> ^0 LJL-I&(§3l—GXT 617 0li UL£j_UULq_lLJrTGZT 6177£9(7p65)0<5565)6HZ_7 iSlGSTUJDpl UGV 
§5)/J_Z_/57c55(6017) WrrS^d&lGrFfLD Q&UJUJ (7/3/0/7/li. G^CJKUl5]gS)ILD 'Sy&>jr)(&)GLDGV <Sy&>lGV <570/61/17) &GUrTGV 
£g)6l)65)6D. ^fD{b<3) QpGV QLDGSrQU /70/J_<5565)617 UILI 65177®0^) GlDGVILD <^00 670 £5)/J 65) 657 6)®/® 617/755® 
L-I&>ULI UGV G>61765)6D<5565)617 Q&ILIGU 000 GULfl j§)0<55<®00/7 676510/1® Urr(TTjfr]&Grr. 

<ss)&Lfil($ujrT2 (ThymioII) 

/5/7/i) (7/3065)0/17 <95 7® @65) 0761® 6® 7761) 77/l®0®<9561® 6® Umjd>3) GT[5 §5)/7651 0/7651 £|)0/. £g)0 651 ^10/if 7765)/_ 

G> 617 65) 61)0^065795 6)7 17)00/17) 776®(S6170/ $IJGVrrd& (&j ? LpGV&,GfT 7/365765)0 FTjjd(^L£) <670/7651c556yfl651 61) <95065)0<95 

&,Gmi_phu 6 617/170/ (7P06D/7657 ^)0//617/7c55(60«0 6177/9 G) <9717 ©6510 657. /£ /57656)7 2_/37<95(60<950 6^00 
G) 77 77/9 <95 65) 611/7/1® 0 > 7p6®<9565)6H/7/77 (§0/7000@/-7770651 61) 17) 65)07/9 G/7//7 61® 651 /5®/J67 Z7<95<95<95 65)0 6161®0/7<95<95 

<9500/<95 G) <95/16)7611 (7/3 !£. /7/17). 

QgoG&it 65)i7)655i/_l6ibi_/7/ii7)6ib (Lego Mindstorms) 



GlsoGarr 65)7D(SW/L<sy®/_7®7C)<sn) 
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Q&rrQd&u u l^l_ uL^uuL^ujrr^r GiJLfl(y)Gis)ir)&Gis)Gmj lSI^ujdj^I Lq_jrrd&j, jrrui_rrj, GrbGmu&rr, 
6i6urr6roi_rrrrLD, Slfiuuj 6i&kjr) go/50/ ^(1)GS)lduj rrG^r 6i[B^ljG5r&,GS)Gn ^(i^gu rrd&,GvrrLD. £g)<si$3 Qi_gu (ev3dev) 
gt( o$Tij) 6)jD[5&> ^Lp<sv Qldg5tQ urr([^(55)snu uuj(5£ru(b)£&>l (Sldgvild ugv &>lLLi—r£]&(5S)QrT& : Q&iugj urrjd&<svrrLD. 
g^ljgst ijnu ijlLi n (OpenRoberta), $jG)S)3 <ss>u <5 rrGir (EV3Python), Grb&ljrrLid (Scratch) QuirrLfl&GiiflGiSlGViLb rfljjGV 

6T(Lg&)6V I7LC). 

^l!T(^uSlQ(Ssrrr iSifjrrdQGujfT (Braccio) GT^Sdjjm <oS)& 



^jQuSlGGtrrr iSljrrddlQujrr GTf3^j(dr (S$)& 


^)/565 671)(l)IJG5T 6$)&lUrT6V U6V LDrT^lfiu QU /70 lL^G5)GTT (off)<95L7 iSlL^uSl GV iSluj^&jd Q&rTGfTGH (LpUJlL/LD. 

<oT®£§jdarTLLi—rr& 6^0 r£lLptr)ui—d < 95 (njGflGmu (g^^Gir gv&iSIgv iSlL^d^ G5)Gu^§], fihjGV 6i(Lg§)], fird&Grr 67rd(§ 
Q&GvSylffid&GGrrrr rdjQ&GVGvrrLD urrjGDGuiurrGV iSIgzt QcF>m_j GmGud&GvrrLD. ^ jQudGGzm gigstt) i^jgmt 

<95 l!®LIU®£S)\65)UJU ULUG5TU <5)^0/(51/^/D<95/7c95(3(517 £_(!])GUrrd&UULdl_gJ. 

QfofOmffi (Hexy) [5i—d(9jL£) €T0^l[j<m 
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^rfdurrL_ui_d&rb Qgiids id) r5i_d(8jLD < o 775 @/ 7 w 


@)(svr5§)) Qurrmru AA>LA &rr<sv&(sril(sv /5z_<$@zi) sifB^rrssr. ^Gtitiflsu^uLi Gurrsv rBi-dy^m LororryLb 
fBissrid) [Brno (Lp&STGxrrr urnjd >65 ovurryd^l sifB^ly^Gsr^ ^lumdd^LD ^ddumlLq-dsw [^i]}jgu(5mGld 

£g)(offV5(L/zi) ^LurrfflddljD^j. ficrGV&srr lurrGyLD QpsvLDrr&d &l®s)i—d&}dsTfD®sr. £g)<5/Dgj $rd]&<ofr 

onu^rr&ST Q LDrrLjSudGV rfhjd) ^T(Lgp>GerriL. 

rBmtfil Q^fioSlLjqmm 

1. Lego Mindstorms 

2. Arduino Braccio 

3. Arcbotics Hexy 

^($)d>&> i—puj-GOuml. 3 - uij&tj (Turtlebot 3 - Burger) 

rrrrorb (ROS - Robot Operating System) 
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Robotics 21. i—rjuj-GOurri— 3 - utjdtj (Turtlebot 3 - Burger) 


GUGS)J /5/7/i) L// 7 /J 6565 GTjf^ljGST S)^/70^)(55(oyr djfdDGSSTL- GUGSIDuAIgO L^DGO/LD UlUGS)IGrrGrTGS)GU: 

• AA>!QJ foJU-i&il (Lpp>GO ugoGgutu guuj^j GuijiDipdiD) /_*_/_ Sjqjgu rrDGH DjDjrpdQDDGYTGfT gigtH^dd 

rflfJGO GT(Lg)^JLD GUGS)DDGTT UGO 2-GSST(f). 

• ( s$)&(Lp6$)ir)iLirr& QdujgouS^^lj urrrfda ugo GULfppGsijpDGrr ^(ipu ud,dgo GTiB^lrjGsflujGb 

^1 IDj_U LJ GS) L _ DGS)GfT ^LpLDDDU l_\ fil f^jGlDDGfTGn GU DILJ U L] DGYT ^^IDLD. 

• dirijGurr&GfT gA1gs)gytuj dDi_dd Q^dl/Ago i^j l^u^gd^il/ ld, t§Ujgo gt^^jgugd^lli ld ldl^Q)ldgvgvgldgv 

^plG^huGDGVlLILt), DGSsfl p>fGS)p>lLI LD ^pjGud,^} l_GST DD)llJjdQDDGfTGfT GU IjA GU (DjdS GSTJDGST. 

[Bgld ^GjjGUGnrr UDrrfp, UDGUGS)GSTUJDdSiiAGO Q&iuiud&^Lq-UJ u uAif)SDGS)GfT gtgogodld QGufplDrrLDDD Q&iugj 
(LpLpf^j Gfihhg-fDGrr GTGsrru GS)Gud,^jd QddgttGgu dld. ^-Djdgtt GifS) rrGsfiujGO dgogA ldidduld uudlipSuSlGb 

<^®£5&)ULq- GT GST GST? DGU ITGO GT GST GST? GT f^l J GS?) UJ gS\ GO fiGS) l—(LpGS)IT)d(&) UILIGSTU l_d<%xLGj_(U GjpTTGUpj 

6£0 &)L^l_d>GS)GF> QdUJGO U (f)d)p>GO fTLD. £§)#*/ DGOG0[flLJ UlidJT)dd(&> ^_pGU GO DLD ^JGOGOpj GUGSsfl<D ifS)UJDDGL/LD 
^(rijd&GorrLb. £§)</5/D0 ^_rd&,(GfF,d(^ fBGS)i_(y^GS)jr)u3lGV uiuGsru(]))ppdD^Lpuj Grf^UjGsflujGb Q ldgstQ u D(ipGfT 

GlpTT(&jLJLI G^GSTfril GpGS)GU. &}]&>TTGST TJTTGlV! 

fjn gw (ROS - Robot Operating System) 

JTTGW GTGSTU&jJ QUIT(Lg)^j(SuDD^DDDD LD /J .®LDGOGOTTLDGO GUGSsflD ffd)ILIUDGLjLD UJGUGOTTD 
ULUGSTUQl^^LJUQlLb 6)jD[5&> QpGO QLDGStQUIT^GST £)</5/T0L7/_/. (^(flGO §>Lpd&GSSTL- Q LDGStQ U D(D)LLdGTT 
l _ jj S LL/ GfT GfT GST: 

• &IF>GS)pilSlGO LJIJGUGOIJ&>d SiGS)l—d&d&^LSj-UJ GTfid)IJGsflLUGO GUGStQU D(pLiDGS)GfT ^UudDDD^LpUJ GpL?IDJ_ 

QldgstQ urr(I) lL&gtt (hardware drivers). 

• GTd>d)lTJGS?1 UJgS\GO U UJ GST U (f LD G)S} GS) GSTd&(JDUDGS) GfT (algorithms) Q&lUGbuSp&tULI QldgstQUD(D,GTT 
Qd>D(D)U L_IDGfT. ^^[Gl/LD IdAdGl/LD QLD LD U ($)d)@A UJ DlSuDDGO G)AGS)GST<DDIJfhJD GfT. 

• r£ljGorrGnj&((on)d(&} guSluld (Sd>gs)Gliujdgst &d6?l GUDiupp fhjGO dqtjGiAdgtt (developer tools). 

rjDGrV QLDGStQU fT(JT ) GS)GTT 125 d(D)LD QlDGO fTGST GTI5&>1 JGSTDGlflGb LJUDGSTLJ(fpS)lGU(IT)Sjr)DrfDGfT. ^GUlf)plGO UGO 
GUGSsflD f&llUD DGSTGS)GU. QlDGOILD GUIJDGtflGO UGOj pfhJDGfT ($GUGS)GOd<DDD 0 GUITDSILI QLDGStQU /70 GfT 

Qp>D(D)ULi dgs)gull/LD (softwarepackages) Stl/ppp (i^goldddu uSrfrBgjGfrGrTrrrf&Gfr. GT(f)£gjd&rTLL(hi)&Grr: 

• £g) GS) z_ g>G)Slij ljli (Obstacle Avoidance) 

• gugsuju i _ ld ppurrifld)^ p,GSTGsfli_rd(^plfp,GO (Simultaneous Localization And Mapping - SLAM) 

• &rGUGS)fj Gp lL iDj-G)UJ Q&Gpid&>ip>GD (Wall Following) 

• p,DGsfhurdSiUDD guGSST iDj-GS) uj Q&goI dp>ip> GO (Automated Driving) 

GlDGVILD ^GU jDIGIT) d(D, GT GST Q GST GST GST iSl TjdSl GS)GSTDGTT Guf<D>GST, GTLJULq.d> ^/J Gp DGSSTl DIJDGYT GTGSTUGS)^lLjLD 

LDGSTJT)DUDGlflGO uSrjf^jQDDGfTSpD^DGST. 

L/lflStD&jJ, ^GSTHGO fJDGfO DjD^jd QdDGSSTI_DGO D>DGST GUGSsfls 5 f&HlUDD GT GS)<3)lLfLD Q DILI GO LJ (f)fp> (7p/^_/7//i) 

GUTTGO QpfiSlDg]. <Sd)GSTDGO GTGS)D,UJDGU^J QdUJGOU( fl^^lGSTDGO^DGST IJDGW Dff)^jd QdDGYTGYT (LpLpiLjLD. 
lSljdDGS)GSrd (g GT GST GST 8}[JGp? ^^JD,DGST l [f IDj-GO LJ D L? 3 UfJDfj! 


L _ ffuj-fibuTTLl. 3 UIJ&TJ 
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/_/j/^_(5i)L/A7L 3 ~ Ulj&fJ 

(3j®S)fDfb<5) 6)SlG5)<S0 &6&sfl6$fl ifilGV $ £) 6$) 6ZT IL/ LD 6U GmUlL/LD iJH^GL/LD @<off)/D«<95 [TLD6V [jrTGrV Q LDGStQ U ^(fpGViGfT 

(Lp(Lp&s)LD(u rr&, r§)frii6)5} ($6U6S)6V Q&iug] umjd& g)^y <s ^0 [bsvgv 6tIT)$1 ijgst Qprr(§$l. (Sldgvild £<^(r^LD 

(6TfT)$)IJGStlGV U6V <SlS)<5Z_D/7W 2_6mrfl &,6$)6fT GcJ/7^(o5)(o57 Q&lLlgJ U 6jd&,6L/ LD LSl&GpLD dljD[5^^J. 

$r£]&6fr Qurr^gjGurrd^d&rr&GGLirr <sy6V6Vgj Ggu Lpd6S)&, 6)5l6S)6nujm^($d&,rr&,(S6urr <s^0 GTfB$rrGsr Gurrrda 
6)51 (£ld iSl6GTrr6V ^gj6U6V6V. Gldldu l5l_ GipS) rrGsfhu gv (advanced robotics) LDjpipj ld &<sssFI<5sfl ^plsdhuGV 

&cj)fr §l &&6is)6rT& (computer science concepts) <3^fT)£j<3^^}<3^n6iT6tT 6)5(jp ldlSIgst n60 5y ihj cr >gyt guitihj er> 6)5(jjj lddjld 
6TtB$£Gir ^^j6urr(^LD. 

^)^0//_(o5r ^)c55c55/J.(5)(o5)/7^ £)<5/TZ_/7 (LpfD£JLD. pGSTffil! 
ashokramachdd&mail. com 
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